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* N the beginning of the third book 
F the Mathematical Principles 
of Natural Philoſophy of the 


© AUate illuſtrious Sir IS AAC NEWTON, 
bi acquaiuig us, © that he had once 
F compoſed that book in a popular 
e method that it might be gene- 
F rally read but that afterwards 
o avoid thediſputes which might 
© ariſe, i, thoſe who were unac- 


* guainied with the principles laid 


= © down in the preceding books, and 


* full of the prejudices which many 


gears had made natural to them, 


= * /hbould take it in hand, he put 
= ** the ſub/tance of that book into 
 * propoſutons in the mathematical 

* © Tay, that it might be read bly _ 
* thoſe only who had ſtudied the 


principles beforehand.” The pre- 


1 great Man apprehend- 


—Prt;" 


A 
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—— 


BY eld, when the principles whereby he 
\ enplamed the appearances of Na-. 
ure ere new, are now ſo well 
diſſipated by the univerſal applauſe © 
aud approbation they have been _ 
uſtiy attended with, that his rea- 
Tee for ſuppreſſing that perform- 
= ance being entirely ceaſed, we think 
Ihe ſame may be very accepiable 
| 10 the World. And to render at 
Ihe more uſeful to our countrymen, © 
awe chuſe to ene it in a careful © 
tranſlation rather than in the ori- 
es e e n 


28 2 a 3 a g . 
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That this work as at is here pub. 
liſhed is genuine, will ſo clearly | 
> appear by the intrinſic marks it 
bears, that it will be but loſmg © 
avords and the Reader's time to © 
take pains in giving him any other 7 
ſaiisfattion. It will be more con- 
ve nient to clear the way for thoſe | 
ho are leſs acquamied with the | 
ſulect, by a ſbort account of Aſtro- | 
1  nomy, and the [tate it was in when | 
| En the Author Wrote ; ; by which the 1 
1 — —.— . eee e curious 
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curious diſcoveries therein contain- 


ed auill be the better underſtood. 


| By the imperfedion of our ſenſe | 
it comes to paſs, that the ap- 


pearances of the heavens and 
heavenly bodies are entirely diffe- 


rent from what they really are in 


themſelves. The Sun, the Moon, 
the other Planets, and the jixed 
Stars, appear to the eye only like 
ſmall circles or like points of light, 
at equal diſtances 1 : 

ing to the top of a blue hemiſphe- 


om US ; [t1Ck- 


rical vault, not very far from the 


2 Earth, which at ſeems to touch on 


every fide near the horizon. And 


thrs blue vault turning upon its axis, ; 


Ihe ſe bodies being carried round 


+ + 


3 with it, riſe and ſet alternately, 
and ſo preſent themſelves in order 
to the ſeveral parts of the Earth. 


But our reaſon aſſiſted by geome- 


ty, opens to us a very different 
t ſcene. Ii ſbews us an immenſe 


| ocean of celeſtial ſpace ſpreading 


A 3 


i FREBFACE. — 
it ſelf on all hands from our Farth 
without poſſibility that any limits 
ſhould be ſet to it. That the ſeve- 

ral heavenly bodies that ſeem to 

our eye fo al and equally di ſ- 
tant from us, are in realiiy of pro- 
digious magnitudes, and placed at 
 waſt and very different interualx 
from the Earth and each other, in 
that boundleſs abyſs. Theſe things 
were long ago known and conſent- 
ed to by all; but the e act form 
in which theſe bodies and the 
Earth are ſituate with reſpect to 
each other in that immenſiiy of 
pace, was not well ſettled till a- 

j bout ſixty years ago ; at which time 

% Aſtronomers generally agreed im 

- the following Syſtem. That the © 

Sun, though it ſeems to move, ts 

indeed fixed and quieſcent in a cer- 
lain given part of the celeſtial re- 
gion. That at a great diſtance 
from thence that Planet we cal! 

Mercury goes round him in an orbit | 

either circular or very nearly fo, | 
in the centre of which the Sun is. 
3 That 


ow 
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That at a yet greater diſtance the 


Planet Venus revotves about the 


Sun in lite manner. That next to 
Venus the Farth goes round the 
Sum, ee at the ſame lime upon 
its axis, and attended by the Moon ; 
Which revolves about the Earth ax 
the Earth does about the Sun. That 
the other Flaneis, Mars, Jupiler, 
and Sal Aru, moe 2 0 round the 
Sun in like orbits with the others; 
_ the two laſt being obſerved to have 
Satellites or Moons revolving about 


them, as our Farth has its Moon. 


All this is repreſented in the com. 
mon ſegures of the ſolar or Coperni- 
can tem. 5 


But Aſtronomers did not ſiop 


here. They not only found the or- 
der in which the Planets move, 
amd the eee their orbits : 


but the fagacions Kepler made alſo 
the followimyg great diſcoveries con- 


cerning the laws of their motions. 


| The /arſt, that all the Planets, in 


moving round the Sun, deſcribe, by 
radi drawn to the Sun, area's pro- 


A 4 poriznal 


vii PREFACE. 
portional to the times; and, ſecond- 


ly, that the cubes of heir diſtances 


creaſe in the ſame proportion as 
the ſquares of their periodical 


times, or that the diſtances and 


per jodical times are in a 6 quial- 
eral ralib. 


Is may be proper before We pro- 
ceed, to explain the meaning of 


theſe Iwo more fully, Suppoſe 


the circles DEF, ABG, to be 


_ the orbits of two different Planets, 


aud let DE be the arc which one 


of the Planets deſcribes in any 


\ 


gien portion of time, as an hour 


or a day. Let C repreſent the Sun 


iu ihe center of. theſe two orbits. 
Draw DC ond EC, which will in- 


cloſe a ſpace DEC, of fome certain 
magnitude or quantity. Le. AB | 
be deſcribed by the other Planet in 


the ſame given portion of time. 


Now by Kepler's di/covery, that are 


AB will be of ſuch a length, that 
if from the extremities thereof A 
aud B we draw AC, BC, the er 


ACB 


Li 
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X PREFACE. - 
ACB vill be exactly equal to the 
{pace DCE. This is what is meant 
when the Planets are ſaid to de- 
ſcribe equal area's in equal times; 
or which ig the ſame thing, to de- 
ſcribe area's proportional to the 
times. So that the farther any 
Planet is from the Sun the more 
ſlowly it moves in its orbit. So 
al ſo, we may ſuppoſe a Planet mo- 
ving in an orbit AB DC, of an el. 
liptical fhgure, in whoſe focus at S 
the Sun is. Here the Sun will be 
nearer to ſome parts of the orbit 
than to others ; as to A and B 
more than io C and D. In this 
caſe, if area's proportional to the 
times are deſcribed by radu drawn 
to the Sun at S, by how much the 
diſtance CS or DS is greater than 
AS or BS, by ſo much Twill the are 
CD deſcribed” in any given portion = 
of time, be leſs than the are AB 
deſcribed in the ſame time. And 
this, as was ſaid, is what we mean 
by this great law of proportionality 
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of area's and times to which the 
MOTIONS of the Planets are ſubject. 


In the next place We may ex- 
plain a little the nature of the 
other law of the Tlanets motions. 
The meaning is this, that if we 
take the cubes of the diſtances "I 
any two Planets, as Venus, and 


| Mars (which are known by aſtro- 4 


nomical calculation and ob ſerva- 
tion) and the ſquares of the peri- 


' odical times of the ſame Planets, 


(known by the ſame methods) theſe 
four numbers will be in propor- 
tion that is, as one cube to its 
correſponding ſquare, ſo the other 
cube will be to its correſpond- 
ing ſquare ; aud therefore the cu- 
 bic roots of the antecedents, and 
the ſquare roots of the conſequents, 
that is, the diſtances and the pe- 
rids, are in a given proportion. 
And quantities in that proportion 
are ſaid to have a ſe eſquatteral ra. 
710 t0 each other. 


2 | — i 
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IS AAC NEWTON rote. As 10 
the Comets, they were generally 
thought lo move-uniformly in right 
times through the cele/tial ſpaces, 
and not to deſcribe any orbit recur- 
ring into il ſelf, or at all incuroa- 


non, that at the time thoſe bodies 


Saturn. 


There remained one thing far- 
thoſe regular motions they are 


force, move by their own nature 


which the forces that impel them 


- 5 lines, 


1 3 
1 


F | | . | : | 
1 the Planets, that move-in curve 
1 


This was the ſtate of the aſtro- 
nomy of the Tlanets, when Sir 


zed ; and it was a prevailing opi- 


were viſible, their motions were 
performed in the regions beyond 


ther to be known, which was, the | 
cauſe which retains the Planets in 


found to revolve with. For ſince 
projected bodies, impelled by aſmgle 


uniformly along the right lines in 
are directed, without any poſſibility 


of deviating from thoſe rectilinear 
paths ; it follows that bodies, like 


— — 
— * — —ũ—3—d — 2 — 
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lines, muſt be acted on by more for- 
* ces than one, or by ſome compound 
force, drawing them out of the 

right lines they naturally tend to 
deſcribe. The queſtion then was, 
of what nature that force 1s which 
25 diffuſed through ſo vaſt an ex- 
tent as that of the Planetary Sy}- 


> Tem, and which ſeems to be [imple 
and uniform by its uniform effects 


above-mentioned, of the proporito- 
_ nality of the area and 1imes ; and 
the ſeſquialteral ratio of the diſ- 


ho collected from the obſervations. 


To this end the Author did not 


frame hypotheſes as other philoſo- 


phers uſed to do, but ſet himſelf to 
examime the phenomena them- 
ſelves, by mathematical reaſoning. 
And jir/t of all, he found that ho- 
dies deſcribing area's a pee ; 
To the times by radu drawn 10 any © 
| grven point are impelled by two 
forces; by one of which they con- 
timually endeavour to fly off in the 
Po · 000 aaa 


xv PREFACE. 
tangents of the orbits they deſcribe, 
and by the other, which continually 
impells them to the given point, 
they are with-held from domg fo, 
and retamed in thoſe curvelmear 


paths, : : 


Since then the Planets by radii 
drawn to the Sun deſcribe area's 
proportional tothe times, it follows 
that the compound force whichk keeps 
them in their regular motions ac- 
cording to that law, 1s compounded = 

of two forces ; one of which mpells 
them according to the tangents of 
their orbits, and the other impells 
them towards the Sun ; the fir ſt of 
which we may call the Projectile, 
„„ other the Centripetal Force. 


Now by this diſcovery 1 zue have 
made a great advance, having 
found, Firjt, that this Phanomenon 
of the motions of the Planets may 
be accounted for by io ſuch forces ; 
= aud, Secondly, that the centripetal 
1 force is directed to one fived and 
1 = ven 
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diven place, the Sun's centre; and 
not to any uncertain and wandring 
* places; which would have made 


Hh 8 
1 
. . : * 


our future ſpeculations very intri- 


cate, if it had proved ſo. What 
the cauſe 1s of this force, we 
do not yet pretend to determine; 


our buſmeſs is, ſince ſuch a force 
zs found to exiſt, to ſearch into the 
properties and proportions of that 
force, before we think of enquiring 


— 


mito the cauſe of it. 


The next queſtion is then what 


proportion two centripetal forces 
 adtually bear lo one another in two 
different Planets. For forces being 


menſurable quantities, are capable 


, being compared together as to 


proportion ; which proportion may 
be expreſſed by numbers; in the 
ſame manner as the proportions 


M any two lines, weights, &c. 
Aud ſince theſe two forces actually 


ei, and operate upon the Planets, 
they muſt of courſe bear ſome cer- 
tain proportion to each other, if that 

—.— — could 


JT.  - 

could be found out. They mu}? be 
either equal in all the Planets, or 

greater in the neareſt, and leſs in 
_ the more remote, or vice verſa. 


The inve/ligation of theſe pro- 
portions 1s a mathematical pro- 


blem ; which the Author ſolves by 


finding that if ſeveral bodies re- 


volve about a centre in ſuch orbits 


as the Planets, and the times of 


 therr periods be to each other in a 
ſeſquialteral ratio, their centripe- 
tal forces will be reciprocally as the | 
' ſquares of the diſtances from the 


centre. M hence it follows that 


Sun in periods having that ratio 


 tances from the Sun. 
There ts therefore a virtue dif- 
. tary Syſtem by which the Planets 


wards 


 fince the Planets move about the 


to each other, their centripetal 
forces towards the Sun are rect- 
 procally as the ſquares of their diſ- 


fuſed throughout the whole Plane- | 


are obliged 1a tend on all ſides to- 


F 
wards the Sun placed in the 
common center or focus of their 
' orbits and whoſe Heldt is always 

in the reciprocal duplicate ratio of 
the aiftances from the Sun. 
 Thes is a diſcovery for which zue 
are beholdeu to the penetrating 
genius of our great Author. Our 
next enquiry muſt be, whence this 
viriue is propagated. For though 
awe know ſuch a virtue exiſts, we 
are not yet certain whence A 70 
produced. 
To ſet us ſomething more for- 
ward in this ſearch, the Aw hor 


has diſcovered aud demonſtrated * 
mathematical reaſoning, that if a 

globe is compoſed of particles 70 
each of which there tend centripe- 
tal forces that are in the recipro- 


cal duplicate ratio of the diſtances 


from the particles, the ceniripetal 
forces lending lo the while globe 

will be alſo in the ſame ratio. 
Therefore, ſince there are ceniri- 
petal forces lending to the while 


ody of the Sun which are in that 


Fecipre 'ocal Spores > rat of the 
„ diſ- 
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diſtances, it follows that each ſingle - 
particle of the Sun's body has ſuch 
_ centripetal forces tending 10 it tb. 
ing in the very ſame ratio. So that | 
we ſee the defleflion of the Planets 
Jom the reclilinear paths into the 
curve orbits they deſcribe, is occa- 
ſioned by a certain property of ihe 
paris of which the Sun is compoſed, 
which by ſome hidden virtue, either 
Hy altractions propagated from thoſe 
parts or by impulſes directed to 
them, oblige the Planets to tend 


towards the Sun's body perpetnaty, 


7%) forces that are in the reci- 


 procal duplicate ratio of the diſtan- 
ces from the Sun. This virtue we 


avill name an attraftive virtue 


though the eſſect thereof is more 


without the atirafted bedy, rather 
than by any thing emitted from 


that which 1s [aid to attract. But 
ſiuce the names of things are arbi- 
tram, and after this ack 7 4 

22 
us, we uſe it for the 3 5 


But 


miſed, this name cannot mi 


of brevity. 


probably cauſed by an impulſe from 


= 


ved by all philoſophers, il 1s certain 
5 that if the particles of the Sun at- 
tract the particles of the Planets, 
„ theſe latter muſt alſo equally and 
„ mutually attract the former. Aud 
l if ſo, at follows that the particles 
VE: | of the Sun and of the Planets are, 
4, in reſpect of this attractive virtue, 
er entirely ſimilar. By Planets, I here 
je mean the primary. But ſince there 
jo can be no pretence of reaſon to ima- 

» | h gine that the ſecondary Planets are 
M in this reſpect different from the 
0  promany, ut follows that all the ho- 
an- dies iu the Planetary Syſtem are 
we © endued with this virtue, of attra(t- 

% lng others in the reciprocal aupli- 
ore — cate ratio of their diſtances from 
rom * the altracted body. Aud if every 
ber ſingle particle of each body be ſep- 
rom * rately endued, as was fbewn above, 
But | with this virtue, it follows that 
wr bi- 4 where a number of thoſe particles 
bre, are united in one body, the entire 
lead } forc ce of that whole body will be c- 
ence teris paribus as the number of thoſe 

2 T . that is, as ils quamtiiy 

Us | 
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But by the laws of motion recei- 
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** PREFACE. 
of matter. And ſo the attractive 


urine of all bodies will be ceteris 


paribus as their quantity of matter. 


Therefore all the Planets may le 


_ conſidered as centers and ſources of 
this attractive force which pr eads Þ| 
it {elf about them on all / es,. a- 
tracking towards them Frome 1 


quarters, all bodies that are not 


hindered by a more forcible atira- 
cfion to ſome other body. This 1s 
farther confirmed by the revolution 
of ſecondary Planets about ſome of 
the primary, (as about the Earth, 


Fupiter and Saturn) according 10 
the ſame laws, which the primary | 


obſer we about the Sun, as to the pro- 
portionality of times and area's, 


and the ſeſquialteral ratio of the | 


diſtances and periods - and the ſame |. 
thing appears by the ſenſible eſßects 
of the Moon upon the Earth. All | 
which demonſtrate that an attrac- 


trve virtue 1s propagated from thoſe 


bodies, of ihe very fame kind with 


that which i is propagated from the | 
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And / nce, as was fhewvn boos. the 


centripetal forces of the Sun and pri- 
mary Planets are in a given ratio to 


the periods aud diſtances of the pri- 


mary Planets abont the Sun, and of 


the ſecondary about the primary, it 
follows that we may mathematically 


inveſtigate from the phenomena the 
_ proportions hich the centripetal for- 
ces. of thoſe celeſtial bodies ſeverally 
bear to each other ; and from thence 
nudge of the e fects they are ſeverally 


like to 5 n the Syſtem of the 


\ World. And the doing this is the ſub- 
ect of the prft part of this traf. 


The ſum therefore of theſe new 
muentiions is contained in. this great 


and uniwerjal truth, and its corolla 


ries, That all bodies through the whole 


| ſolar Stem | and therefore through- 


out the untverſe, as we have all the 


| reaſon that can be to ſuppoſe] attraft, 
or (which ts the term uſed mot ge- 
nerally) grauitate towards, each other 
with forces that are as their quan- 
tries of matter direfaly, and as the 
| [quares of their di /lances Jrom each 


other 8 
On 
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On this great foundation the Au. 
thor builds 1700 zmportant di ſcovert Ces, 
entirely new ; the jir/? relating to 
the Moon and the tides; the ſecond | 
relating to the motions of the Comets, ö 
and the figure of their orbits "Þ 
Aſtronomers have always found the 
Moon's motion to be ſubjef to [0 


many and various irregularities that 
they could never bring their tables to 
anſwer to it, with any thing near the | 


exattneſs they could do in the other 


Planets, And beſides, the Pheano- | 
mena they obſerved in her motion 
were in themſelves very odd and ſur- 

priæing, there being ud example of the _ 


like in any of the other Planets. But © 
rom that great law of nature, above- 
mentioned, the true ſource of thoſe | 
ar egularities has been moſt clearly || 
laid open by this great writer. And | 
from the ſame principles that Won | 


 derful Phenomenon of the ebbing and 


flowing of the ſea, is here alſo moſs 


. plainly deduced. 


The Aſtronomy of Comets was en- 


tirely anknown till ihe tame this Trat 


qvas writien. The Sogure of ROMS 
2 they 


. © 


13 


u- | they deſcribed, the regions through 


es, | . which they paſſed when they were vi- 


to | ſible tous, andthoſe to which they af- 
nd | terwards went, were quite 277 55 


ts, | ty all the Aſtronomers. But they are 


| now fo clearly made known 10 us by 
'he the Author s means, that nothing 1s 


ſo | wanting lo compleat that Aſtronomy 


at | but length of time and opportunities 


to | of obſervations. The conſtruction of a 
hee Comets trajetory with which this 
her Treatiſe is concluded being different 
no- from that in the Principia, it will 
iow probably be acceptable to ſome to fee 
ur- ane of ihoſe eſſays hat are ſaid by the 
the Author (in the Principia) to be made 


Wt by him towards the ſolution of that 
de- Heat and difficult problem. 


ſe Some perſons will probably be ready 
wy | fo enquire-what is the cauſe of this 


| hidden virtne of gravity which is here 


3 perhaps it will ever remain ſo. Tis 
only plain from mathematical reaſon- 


| ſuch a virtue ei and opera! es inthe 


— 
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%. | attributed to the heavenly bodies. To 
and | his the only anſwer is, that this cauſe 
19 as yet one of Nature's ſecrets: and 


ing and undoubted obſervation, that 


* 


_ — 


—_ - 
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may very ell reſolve it into the , 


tor, 179 when he formed and diſpoſed | 
theſe bodies, by this inviſible bond | 


and gave them a law which ſhall not 


the references to propoſitions cited in 
the original, are omitted, ſo that many © 


Pius mio a VErY diſſer ent form after 1 
this Trait was written, and mam 


thought bejt*to leave them all out ; one 
or 10 excepted which eſcaped 01 
notice, and Have crept in by over. 


xy YCREFACE. 
Syſtem of the Planets, and that ac. 


cord” ng 10 the lanws above mentioned, | 
Ti! a better explication be found aue 


of the All-wiſe and Almighty 8 5 


made them faſt for ever and ever: 


be broken. 
The reader is de 7 red 70 Ob ſerve that 


things he awill fand herein aſſerted, 
mi N be taken upon truſt. The reaſon 
of this is, that the ereat Work: of the 
Principia in which thoſe propoſitions 
were contained, appears to have been 


thines were added and altered there. 
in. This alteration cauſed ſo much 
confliſiou in the catations, that it was 
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bat N T-y was the ancient opinion of not a 

din I few in the carlicſt ages of | 

an, | philoſophy, That the fixed 2 1 

ted, Stars ſtood immoveable in 

pa I m the higheſt parts of the world; that un- 

277 „ der the Fixed Stars the Planets were 
U W carried about the Sun; that the Earth, 

[10115 as one of the Planets, deſcribed an an- 

bee: nual courſe about the Sun, while by 


Iii was the Judgement of Anaximan- 


a diurnal motion it was in the mean 

time revolyed about its own axe; and 

that the Sun, as the common fire which 
erved to warm the whole, was fixed * 
n the center of the Univerſe. 


This was the philoſophy taught of 


2 by PFhilolaus, Ariſtarchus of Sa- 


mos, Plato in his riper years, and the 
whole ſet of the Pythagoreans. And 
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OF THE SYSTEM 
der, more ancient than any of them, and 
of that wiſe king of the Romans Numa | 
Pompilins ; who as a ſymbol of the fi- 
gure of the World with the Sun in the 
center, erected a temple in honour of 
Veſia, ofa round form, and oxdained per- | 
petual fire to be kept in the middle of it. 
The Egyptians were early obſervers 
of the heavens. And from them pro- 
bably this philoſophy was ſpread abroad 
among other nations. For from them 
it was, and the nations about them, that 
the Greeks, a people of themſelves more 
addicted to the ſtudy of philology than 
of nature, derived their firſt as well as 
ſoundeſt notions of philoſophy. And 
in the veſtal ceremonies we may yet 
trace the ancient ſpirit of the Eg yptians, 
For it was their way to deliver their | 
myſteries, that is, their philoſophy of 
things above the vulgar way of think 
ing, under the veil of religious rites and 
hieroglyphick ſymbols. $ 

It is not to be denied but that Anav. 4 
agoras, Democritus and others did noy F 
and then ſtart up, who would have it Þ 
that the Earth poſſeſſed the center c 
the World, and that the Stars of all fort? 
were revolved towards the weſt, abou 
the Earth quieſcent in the center, ſom 
at a ſwifter, others at a ſlower rate. 
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F THE WORLD. 
However, it was agreed on both ſides, 
that the motions of the celeſtial bodies 


were performed in ſpaces altogether free, 
and void of tefiſtance, The whim of 


tle ; when the ancient philoſophy be- 


gan to decline, and to give place to the 
new prevailing fictions of the Greeks. 


But above all things the phanomena 


of Comets can by no means conſiſt with 
the notion of ſolid orbs. The Chalde- 


ans, the moſt learned aſtronomers of 
their time, looked upon the Comets 
(which of ancient times before had been 
numbered among the celeſtial bodies) 
as a particular ſort of planets, which 


deſcribing very eccentric orbits, preſent- 
ed themſelves to our view only by turns, 


viz. once in a revolution when they 

deſcended into the lower parts of their 
orbits. ed a We 
And as it was the unavoidable conſe: 


quence of the hypotheſis of ſolid orbs, 
while it prevailed, that the Comets ſhould 


be thruſt down below the Moon ; fo no 


nomers reſtored the Comets to their an- 
cient places in the higher heayens, bur 


theſe celeſtial ſpaces were at once cleared 
of the incumbrance of ſolid orbs, which 
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5 by theſe obſervations were broke into 
pieces and diſcarded for ever. 


WEENcE it was that the Pla- 


cular motion in free nets came to be retained with- 


ſpaces. 


in any certain bounds in theic 


free ſpaces, and to be drawn off from the 
rectilinear courtes, which, left to them- 
ſelves, they ſhould have purſued, into re- 
gular revolutions in curvilinear orbits, 


are queſtions which we do not know how | 


the ancients explained. And probably | 


it was bf ob {ome ſort of ſatisfaction | 
to this difficulty that iolid orbs were in- 
8 = 


The later philoſophers pretend to ac 
count for it, either by the action f 
certain vortices, as Kepler and Des 


Cartes; or by ſome other principle of 
impulſe or attraction, as Borelli, Hook, 
and others of our nation. For from 


the laws of motion it is molt certain that 
theſe effects muſt proceed from the ac 


tion of lome force or other. oor 
But our purpoſe is only to trace out 
the quantity and properties of this force 
from the phænomena, and to apply what 


we diſcover in ſome ſimple cafes, as |? 


principles, by which, in a mathematical |? 


way, we may eſtimate the effects there- 
of in more involved caſes. For it would 
be endleſs and impoſlible to bring every 
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OF THE WORLD. 
particular to direct and immediate ob- 


3 ſervation. 


Wc ſaid, in 4 mathematical WAY, to a- 
void all queſtions about the nature or 
quality of this force, which we would 


not be underſtood to determine by any 
hypotheſis ; and therefore call it by the 

general name of a centripetal force, as 
tit is a force which is directed towards 


ſome center; and as it regards more par- 
ticularly a body in that center, we call 
it circum- ſolar, circum - terreſtrial, cir- 


Tnar by means of centripetal forces, 
the Planets may be retained 
in certain orbits, we may caſily 
underſtand, if we conſider the 
motions of projectiles. For a ſtone pro- 
jected is by the preſſure of its own weight 


forced out of the rectilinear path, 


which by the projection alone it ſhould. 
have purſued, and made to deſcribe a 
curve line in the air; and through that 
crooked way is at laſt brought down to 
the ground. And the greater the velo- 


city is with which it is projected, the 


farther it goes before it falls to rhe 


velocity to be ſo encreaſed, that it 
would deſcribe an arc of 1, 2, 77 10, I09, 
B 3 1009 


The effects of cen- 
tripetal forces, 
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1000 miles before it arrived at the 
Earth, till at laſt excceding the limits of 


the Earth, it ſhould pals quite by with- 
ont touching i . f 

Let AFB repreſent the farkice of the 
Earth, C its center, VD, VE, VF, the 


curve lines which a body would de- 
icribe. if projected in an horizontal di- 


rection from the top of an high moun- 


tain, ſucceſſively with more and more 
5 velocity. And, becauſe the celeſtial mo- 
tions are ſcarcely retarded by the little 


or no reſiſtance of the ſpaces in which 


they are performed; to keep up the pa- | 
rity of caſes, let us ſuppoſe either that 
there is no air about the Earth, or at 
leaſt that it is endowed with little or no 
power of reſiſting. And for the ſame 
reaſon that the body projected with a 
lets velocity, deſcribes the leſſer arc VD, 
and with a greater velocity, the greater 
arc VE, and augmenting the velocity, 


it goes farther and farther to F and G; 


if the velocity was ſtill more and more 
augmented, it would reach at laſt quite 
beyond the circumference of the Earth, 
and return to the mountain from which 


it was projected. 


Ana ſince the arca's, which by this 1 
motion it deſcribes by a radius drawn | 
to the center of the Earth, from the 
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principles of geometry are demonſtrated Prop. 16. \ 
do be proportional to the times in which i 
they are delcribed ; its velocity, when — 
it returns to the mountain, will be no li 
leſs than it was at firſt; and reraining 0 


the ſame velocity it will deſcribe the 
fame curve over and over, by rhe lame e 9 
law. | DT | | 4 


it was projected, is a proof of its gravi- 


fall freely from reſt ; ſo the deviation of 
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But if we now imagine bodies to be 


projected in the directions of lines pa- 1 
rallel to the horizon from greater heights, 5 
as of 5, 10, 100, 1000 or more miles, Sy = 
or rather as many lemi-diameters of the 1 
Earth; thole bodies, according to their 5 4 
different velocity, and the different force # 
of gravity in different highths, wil de--:- * 

| ſcribe arcs either concentric with the 3 
Earth, or variouſly excentric, and go on a 
revolving through the heavens in thoſe. * * 
rrajetories Jaſt as the Planets do i bj 
ors. N | | | ij 
WE, 

As when a ſtone is projected oblique- ; — 


ly, that is, any way but in the 5 | 
perpendicular direction, the per- ee n, 
petual deflection thereof towards 1 

the Earth from the right line in which 


tation to the Earth, no leſs certain than 
its direct deſcent when only ſuffered to 


bodies, moving in free ſpaces, from rec- 
111 . tilinear 


mathematical reaſoning. 


What follows from 
the ſuppoſed diurnal 
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tilinear paths, and perpetual deflexion 
therefrom towards any place, is a ſure. 


indication of the cxiſtence of ſome force, 


which from all quarters impells thoſe 
bodies towards that place. 


And as from the ſuppoſed exiſtence 


of gravity, it neceſſarily follows that all [1 


bodies about the Earth mult preſs down- 
wards, and therefore muſt either de- 
ſcend directly to the Earth, if they are 


let fall from reſt, or at leaſt perpetually 


deviate ſrom right lines towards the 
Earth, if they are projected obliquely ; 
ſo from the ſuppoſed exiſtence of a force 
directed to any center, it will follow by 


the like neceſſity, that all bodies, upon 
which this force acts, muſt either de- 


icend directly to that center, or at leaſt 
deviate perpetually towards it from right 


lines, if otherwiſe they ſhould have mo- 
ved obliquely in thele right ines. | 


And from the motions given we may 
infer the fores, or from the forces gi- 


ven we may determine the motions, by | 


Ir the Earth is ſuppoſed to ſtand ſtill, | 7 
and the fixed Stars to be reyol- | * 
ved in free ſpaces, in the ſpace of |? 
motion of the ſtars. 24 hours, it E certain the forces 3 
by which the fixed Stars are re- 
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OF THE WORLD. 
tained in their orbs, are not directed to the 
Earth, but to the centers of the ſeveral 

orbs, that is, of the ſeyeral parallel cir- 

cles, which the fixed Stars, declining to 

one ſide and the other from the Equator, 
deſcribe daily. Alſo that by radii drawn Prop. 1. of 


to the centers of thoſe orbs, the fixe 
Stars deſcribe area's exactly proportio- 


nal to the times of deſcription. Then 
becauſe the periodic times are equal, it 
follows that the centripetal forces are as 
the radii of the ſeveral orbs; and that 
they will perpetually revolve in the ſame 
orbs. And the like conſequences may 
be drawn from the ſuppoſed diurnal mo- 


tion of the plancts. 


Trar forces ſhould be directed to) no 
Body on which they phyſically depend, 


but to innumerable imaginary 


points in the axe of the Earth The incongruous 
conſequences of this 
| uppovalon, 


is an hypotheſis too incongru- 
ous. *Tis more incongruous 
ſtill that thoſe forces ſhould increaſe ex- 


actly in proportion of the diſtances from 
this axe. For this is an indication of an 
Ly increaſe to immenſity, or rather to infi- 
2 nity; whereas the forces of natural 
things commonly decreaſe in receeding 


from the fountain from which they 


I flow. But what is yet more abſurd, 
neither are the area's, deſcribed by the 


lame 


d the ſame. | 


10 


Cor. 1. 
Prop. 2. 
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_ ſame Star, proportional ro the times, 


nor are its revolutions performed i in the 


ſame orb. For as the Star recedes from 
the neighbouring pole, both area's and 
orb increaſe ; and from the increaſe of 
the area, it is demonſtrated that the forces 

are not directed to the axe of the Earth. 
And this difficulty ariſes from the two- 
fold motion that is obſerved in the fixed 
Stars, one diurnal round the axe of the 
Earth, the other excceding flow, round 
the axe of the ecliptic. And the ex- 
plication thereof requires a compoſition 


of forces ſo perplexed and ſo variable, 


that it is hardly to be reconciled with 
any phy ſical theory. ; 


Thar there are centripetal forces ac- 
tually directed to the bodies of 
That there is a cen- the Sun, of the Earth, and other 


rripetal force really 
directed to the cen- 
ter of every planet. 


Planets, thus I infer. 


to its center, delcribes area's nearly pro- 
portional to the times in which they are 
delcribed ; as is evident from its velo- 


City compared with its apparent diame- 
ter. For its motion is flower, when its 
diameter is leſs, (and therefore its dil- 
tance greater) and its motion is ſwifter 


when its diameter is greater. 


The 


; The Moon revolves about 
our Earth, and by radii drawn 
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The revolutions of the ſatellits of 
Jupiter about that planet are more re- 
gular. For they deſcribe circles concen- 
tric with Jupiter by equable motions, as 
exactly as our ſenſes can diſtinguiſh. _ 
And ſo the ſatellits of Saturn are re- 
volved about this planet with motions 
nearly circular and equable, ſcarcely 
diſturbed by any eccentricity hitherto 
8 . 
That Venus and Mercury are revol- 
ved about the Sun is demonſtrable from 
their Moon like appearances. When 
they ſhine with a full face, they are in 
| thole parts of their orbs which in reſpect 
of the Earth lie beyond the Sun; when 
they appear half full, they are in thoſe 
parts which lie over againſt the Sun; 
| when horned, in thoſe parts which lie 
between the Earth and the Sun, and 
|| ſometimes they pals over the Sun's diſc, 
When directly interpoſed between the 
Earth and the sun. = 
- F And Venus, with a motion almoſt 
uniform, deſcribes an orb nearly circu- 
lar and concentric with the Sun. 
But Mercury, with a more eccentric 
motion, makes remarkable approaches 
do the Sun, and goes off again by turns; 
but it is always ſwifter as it is near to 
the Sun, and therefore by a radius drawn 
1 „ 75 to 
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to the Sun, ſtill deſcribes area's pro- 


portional ro the times. 
Laſtly, that the Earth deſcribes about 


the Sun, or the Sun about the Earth, by 
a radius from the one to the other, areas 


exactly proportional to the times, is de- 


monſtrable from the apparent diameter 


of the Sun compared with irs apparent 
motion. 

Theſe are aſtronomical experiments, 
from which it follows by geometrical 


reaſoning, that there are centripetal for- 


ces, actually directed (either accurately 
or without conſiderable errour) to the 
centers of the Earth, of Jupiter, of Sa- 
turn, and of the Sun. In Mercury, 
Venus, Mars, and the leſſer planets, 
where experiments are wanting, the ar- 
guments from analogy muſt be allowed 
in their place. 


Tnar thoſe forces decreaſe in the du- 


That thoſe centripe- plicate proportion of the diſtan- 
tal forces decreaſe in CES from the Center of every pla- 


the duplicate propor- 
tion of the diſtances 


net, appears by Cor. 6. Prop. 4. 


from the center of For the periodic times of the ſa- 


every planet. 


tellits of Jupiter are, one to an- 
other, in the ſeſquiplicate proportion of 
their diſtances from the center of this 


: Planet. 


This proportion has been long ago 
obſerved in thoſe ſatellits. And Mr. 
Flam- 
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Flamſteed, who had of en meaſured 
their diſtances from Jupiter by the mi- 
crometer, and by the eclipſes of the ſa- 
tellits, wrote to me, that it holds to all 
the accuracy that poſſibly can be diſ- 
cerned by our ſenſes. And he ſent me 
the dimenſions of their orbits taken by 
the micrometer and reduced to the mean 
diſtance of Jupiter from the Earth or 
1 from the Sun, together with the times 
of their revolution, as eee EE 


— 


1 


3 5 "I 


may be eaſily ſeen. For example, the 
16 d. 18 h. o5/. 13“ is to the time 1 4. 

| 18 b. 28/. 36“ as 493 Xx 493:” to 
108 / K 108“, neglecting thoſe ſmall 
fractions which, in obſerving cannot be 
; certainly determined. 

| Before the invention of the microme- 
| ter, the ſame diſtances were determined 
in lemi. diameters of Jupiter, thus: 


„ The greateſt FINS „ Wl 
II tion of the ſatelſits | The periodic times 14 
- | { from the center of of their revolutions. : \ 
, © | Fupiteras ſeen from | 3 1 = 
= | the Sun. 5 955 5 * 
85 4 „„ 0 Th A. Au | * = 
2M NY 1 48 or 108 VVV 14 
E dd et ir ; i 1 „%% gf, 
13% 14 46 .0r:286:] -7 06 36 46 
% 1 0 f % 38 5 ny 10 
5 00 
- | Whence the Tſquiplicar proportion | | 
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Diſtance o of the * 24. 5 34. | "ah; -- 
1 16 7” 28 8 
133 16 26 
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Simon Marius 
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Horelli more Ts 
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„ Whew; 


After the invention of the n micrometer. | 


{ 


24,72 
8,55 13,98 24,25 


1 578 8 hs [245903 


ane 3.31 


And the periodic times of thoſe fi. 
tellits, by the obſervations of Mr. Flaw: F 


ſteed, are 1%, 18 b. 287 36//[3 d. 13 h. 17/ 


SE” 3". 59! 36% 16 4. 18% 5 E 


as above. 


"a the diſtances thence i = 
are 5,578 | 8,878 | 14,168 | 24,968 | ac- Þ 
curately agreeing with the diſtances by! 
obſervation. Z 


Caſſini aſſures us that the ſame pro- 


portion is obſerved in the circum- ſatur· 


nal planets. But a longer courſe of ob- 


ſervations is required before we can . 
have a certain and accurate theory off 


thoſe planets. 


qt 
t 
1 
t 
\ 
1 
| \ 
( 
[ 
; 
0 
1 
T 


. I 
1 E 
= 1 
* 
= 4 
4 9 T7 
boat 

Re 
: 8 
Us 3 
8 

Ne 
7 

ER 

x. 

i 

7 

1 
5 
"> 


Propornon of its apparent dia- 
ing full near conjunction with 
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In the circum-lolar planets, Mercury 
and Venus, the ſame proportion holds 
with great accuracy, according to the 


© dimenſions of their orbs, as determined 
by the oblervations of the beſt Altrono- 
mers: 


Tur Mars is revolved abont the 
Sun, is demonſtrated from the 
phaſes which it ſhews, and the 


For from its appear- 


times. | 


the Sun and gibbous in its qua- 


dratures, it is certain that it | ſurrounds 
the Sun. 
And fince its diameter appears about ; 
fie times greater, when in oppoſition 

to the Sun, than when in conjunction 


therewith, and its diſtance from the 
Earth is reciprocally as its apparent dia- 


meter, that diſtance will be about 
times lels, when in oppoſition to, than 
when in conjunction with, the Sun. Pur 
in both caſes its diſtance from the Sun 
will be near about the ſame with the 
diſtance which is inferred from its gib- 
bous appearance in the quadratures. 
And as it encompaſſes the Sun at almoſt 


equal d ſtances, but in reſpect of the 
Earth is very unequally diſtant; ſo by 


radii drayn to the Sun it deſcribes 
arca's 


That the ſuperiour 
planets are revolved. 
about the Sun, and 

by radii drawn to the 
Sun, deſcribe area's + 
proportional to the 
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area's nearly uniform, but by radii 
drawn to the Earth, it is ſometimes | 
ſwift, ſometimes ſtationary, and lome. | 
times retrograde. 


That Jupiter, in a higher orb than 


Mars, is likewiſe revolved about the 
Sun, with a motion nearly equable, as 5 
well in diſtance as in the area's delcri- 
bed, I infer thus. 


Mr. Flamſtecd aſſured me by letters, 


that all the eclipſes of the innermoſt ſa- 
tellite, which hitherto have been well 
obſerved, do agree with his theory ſo 
nearly, as never to differ therefrom by 
two minutes of time; that in the out- 


moſt, the errour is little greater; in the 


doutmoſt but one, ſcarcely three times 
greater; that in the innermoſt but one, 
the difference is indeed much greater, 


yet ſo as to agree as nearly with his 


computations, as the Moon does with 


the common tables. And that he com- 


> putes thoſe eclipſes only from the mean 
' motions corrected by the equation of 


light diſcovered and introduced by Mr. 


Romer. Suppoſing then that the theory 
difters by a leſs errour than that of 2' 
from the motion of the outmoſt ſatellite 
as hitherto deſcribed ; and 7158 as the 


/ 


periodic time 16 d. 18 3 to 27 


in time, ſo is the whole circle 6, 3600 to 


the 
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1 [i the arc 1' 48/7; the errour of Mr. Flam- 


s | /teed's compuration reduced to the fatel- 


- | lire's orbit, will be leſs than 1/ 48/!, that 
Is, the longitude of the ſatellite, as ſeen 
1 | from the center of Jupiter, will be de- 

c | termined with a leſs errour than 1” 467”. 
$s | Bur when the ſatellite is in the middle of 

i» | the ſhadow, that longitude is the ſame 
| with the heliocentric longitude of Ju- 
„ | piter. And therefore the hypotheſis. 
1 þ which Mr. Flamſteed follows, vis. the 
Il | Copernican as4mproved by Kepler, and 
ſo (as to the motion of Jupiter) lately 
y | corrected by himfelf, rightly repreſents. 
t. | that longitude within a leſs errour than 
he Þ 1/7 48/7. But by this longitude, toge- 
es | ther with the geocentric longitude, which 
xe, is always eaſily found, the diſtance of 


er, | Jupiter from the Sun is determined: 


is Which muſt therefore be the very fame _ 
th with that which the hypotheſis exhibits. 
n- For that greateſt errour of 17 48 that 
can happen in the heliocentric longitude 
is almoſt inſenſible, and quite to be neg- 
ed, and perhaps may ariſe from ſome 


yet undiſcovered eccentricity of the ſa- 


| Nrawn to the Sun, deſcribes area's fo 
| . con- 


P 


tellite But when both longitude and 
lite diſtance are rightly determined, it fol- 
the Now s of neceſſity, that Jupiter by radii | 
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| conditioned as the hypotheſis requires, 
that is, proportional to the times. 


l 
Ft 
And the ſame thing may be conclu- | { 
ded of Saturn from his ſatellite by the t 
0 

b 


obſervations of Mr. Huygens and Dr. 
Halley; though a longer leries of obler- Þ 
vations is yet wanting to confirm the | ff 
thing, and to bring it under a . Ne 
exact compuration, Je 


For if Jupiter was viewed from the Un 

* „ Sraun, it would never appear re. p 
0. That the force which. trograde nor ſtationary, as it is] tl 
0 governs the ſuperi. 1 
our Planets is direc- {cen ſometimes from the Earth, P! 
ted, not to the Earth but always to go forward with tu 
but to the Sun. > ES. 
_ a motion nearly uniform. And ot 


from the very great incquality of its ap. ſe 


— 
— — — 
es — — — 
7 — 1 ww — — n — 


| parent geocentric motion, we infer that] 4 


the force by which Jupiter is turned] tic 
out of a rectilinear courſe and made to] it. 
revolve in an orb, is not directed to the! 

center of the Earth. And the ſame ar- Su 


S Ie 
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Wl ganment holds good in Mars and in Sa- ch. 
0 turn. Another center is therefore to p., 
0 5 be looked for, about which the + . 
1 — 18 deſcribed by radii interyening F 
mamay be equable. And that this is the 
i "2, 5. San, we have proved already in Mar; 
FA and Saturn nearly, but accurately e 
10 znough in Jupiter, It may be alledgeſf gr 
i that the Sun and Planets are * che 


ned tions is required for the confimation of 

e to it. 

the | Tus diſtances of the Planets from the 

ar. sun come out the fame, whe- 
Sa- ther, with Tycho, Wwe place the lar force throughout 
e to Farth in the center of the R 

2 


the Sun. 
proves the ſame thing in Mars and Sa- 
turn; and in Saturn, it may be made 
out directly from its ſatellite by the ob- 
ſervations of Mr. Huygens and Dr. Hal- 
le), though a longer {cries of obſerva- 


— — — — — -w GCE OR 
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buy ſome other force, equally and in 
the direction of parallel lines. But by 
ſuch a force no change would happen in 
the ſituation of the Planets one to an- 
bother, nor any ſenſible effect follow; 
but our buſineſs is with the cauſes of 
| ſenſible effects. Let us therefore neglect = 
| every ſuch force as imaginary and pre- 
carious, and of no uſe in the phænome- 
F na of the heavens; and the whole re- 
| maining force by which Jupiter is im- 


pelled, will be directed to the center of 
The argument from analogy 


the Planets decrea- 


. tem, Or the Sun with Coper- | ſeth in the duplicate 
Knicus and we haye already deen of” te 
þ - diſtances from 
proved that theſe diſtances are Sun, 

true in Jupieet. 
Kepler and Bullialdus have, with 
great care, determined the diſtances of 
the planets from the Sun. 


And hence 
2 ic 
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it is that their tables agree beſt with the 
| heavens. And in all the Planets, in Ju- 
piter and Mars, in Saturn and the 
 Farth, as well as in Venus and Mer- 
cury, the cubes of their diſtances are as 
the ſquares of their periodic times; and] 
therefore the centripetal circum-folar | 
force, throughout all the planetary re- | 
gions, decreaſes in the duplicate propor- 
tion of the diſtances from the Sun. In 
examining this proportion, we are to 
uſe the mean diſtances, or the tranſverſe I} 
 lemi-axes of the orbits, and to neglect 
thoſe little fractions, which, in defining 
the orbits, may have aroſe from the in- 
ſenſible errours of obſervation, or may be 
aſcribed to other cauſes which we ſhall |Þ 
afterwards explain. And thus we ſhall 
always find the ſaid proportion to hold 
exactly. For the diſtances of Saturn, 


Jupiter, Mars, the Earth, Venus and 


Mercury from the Sun drawn from the 
_ obſervations of Aſtronomers, are, ac - 

_ cording to the computation of Kepler, 
as the numbers 951000, 519650, 1523 50 

Io, 72400, 38806; by the compu · 
tation of Bullialdus, as the numbers, 
954198, 522520, 152350, 100000, 7239 


38585; and from the periodic times 
they come out 953 806, 5201 16,152 399 
100000, 72333, 38710. Their diſtan- 
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ces, according to Kepler and Bullial- 5 
Aus, ſcarcely differ by any ſenſible quan- 
tity, and where they differ moſt the 
diſtances drawn from the periodic t times 
N * in between them. 


r the circum- -cerreſtrial force like- 


| wiſe decreaſes in the duplicate 


That the clrcum-tars 8 
proportion of the diſtances, at feren decteu: 


ſes in the duplicate | 


The mean diftance: of the proportion of the 


2.1 


diſtances from the 


But Tycho and all that follow his ta- 


| bles of ee making the refracti- 
ons of the Sun and Moon (altogether | 
againſt the nature of light) to exceed 
thoſe of the fixed Stars, and that by a- 


bout four or five minutes in the hori- 


zon, did thereby augment the horizon- 
tal parallax of the Moon, by about the 
like number of minutes, that is, by a- 


bout the 12th or 15th part of the whole 
parallax. Correct this errour, and the diſ- 


Fance will become 60 or 61 ſemi-diame- £ 
C0 3. „ BO 


Moon from the center of the Earth proved in the 
Earth, is in ſemi-diameters of Þypoibelis of 
the Earth, according to Pro- 

umy, Kepler in his Ephemerides, Bul- 
lialdus, Hevelius and Ricciolus, 59 ; ac- 
| cording to Flamſteed 595, according to 
| Tycho 56:, to Vendelin 60, to Coperni. 
| cus 607, to Kircher 622 


the 
Earth's being at reſt. 
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ters of the Earth, nearly agreeing with 
what others have determined. 
Let us then aſſume the mean diſtance Þ 
of the Moon, 60 ſemi— diameters of the 
_ Earth, and its periodic INE in reſpect 
of the fixed Stars, 274%, 7 h. 437, as 
Aſtronomers have determined it. And 
a body revolved in our air, near the {ur- 
| face of the Earth ſuppoſed at reſt, by 
\ means of a centripetal force, which 
ſhould be, to the ſame force at the dif: 
tance of the Moon, in the reciprocal du- 
plicate proportion of the diſtances from 
the center of the Earth, that is, as 3609 
to 1; would ſecluding the reſiſtance of 
the air) complcat a revolution in 1 h. 

2 45 27. 
Suppoſe the circumference _ of the 
Farth to be 123249600 Paris feet, as 
bas been determ ned by the late menſu- 
ration of the French and the lame bo- 
dy, deprived of its circular motion, and 
falling by the impulſe of the ſame cen- 
tripetal force as before, would, in one 
ſecond of time, deſcribe 15 7 Heri 

1 feet. 5 
This we linker by a los and it 
agrees with what we obſerve in all bo- 
dies about the Earth. For by the expe: 
0 riments of pendulums, and a computa- 
bit; | | (109 


e.5 


— r i: Aoi a med a. To . oe... Bard.” ew JJ Ws = — AR Ib ER gm ing 


common center of gravity. 


rent diameter 31 to be about , of the | 
| Earth, as 43 to Vc. 42 X 43] or as a- 1 
bout 128 to 127. And therefore the 
ſemi - diameter of the orbit, 
diſtance between the conters of the- 
Moon and Earth, will in this caſe be 60 + 
ſemidiameters of the Earth, almoſt the 
N lame with that aſſigned by Copernicus, 
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tion raiſed thereon, Mr. Huygens has 4 
demonſtrated that bodics failing by all | 
that centripetal force, with which (of 


Y teet. 


wiuhatever nature it is) they are impelled | 
' near the ſurface of the Earth, do, in one 4 
ſecond of time, 5 deſcribe 15 1 Paris 6 
Bor if the Earth is ſuppoſed to move, 9 — 
the Earth and Moon together The be ere n — 


will be revolved about their the hypotheſis of the 


Earth's motion, 


And the Moon wil, in the ſame perio- 


dic time 27%. 7 43”, with the ſame cir- oe 
cum terreſtrial force, diminiſhed in the e "#1 
duplicate proportion of the diſtance, de- e 't 


| ſcribe an orbit, whoſe ſemi- diameter is 
| to the ſemi- diameter of the former orbit, 
that is, to 60 ſemi-diameters of the Earth, 


the ſum of both the bodies of the Earth . ff 
and Moon to the firſt of two mean pro- _ = 
portionals between this ſum and the body _ Fl, 
of the Earth; that is, if we ſuppoſe the _ | 
Moon (on account of irs mean appa- = 


that is, the 


C4 which 
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which the Tychonzc obſeryations by no 
means diſprove. And therefore the du. 
Pplicare proportion of the decrement of 
the force holds good in this diſtance, 
I have neglected the increment of the 
orbit, which ariſes from the action of 
the Sun, as inconſiderable. But if that is 
ſubducted, the true diſtance will re— 


main, about 60. ſemidiameters of the 
+ Earth. : 


Por further, this proportion of the 
"The: decrement of decrement of the forces 1s con- 
ee Image firmed from the eccentricity of 
the diſtances from the Planets. and the very flow 
nes, proved from motion of their apſes. For in I 
the eccentricity of no other proportion, could the 1 
the Planets, and the Circum-ſolar planets, once in 
very ſlow motion of 
their apſes, every revolution deſcend to 
their leaſt and once aſcend to their 
greateſt diſtance from the Sun, and the 
places of thoſe diſtances remain immo- 
vable. A ſmall errour from the dupli- 
cate proportion, would produce a mo- 
tion of the apſes, conſiderable in every 
revolution, but in many enormous. 
But now after innumerable reyolu- 
tions, hardly any ſuch motion has been 
J in the orbs of the circum- ſo- 
lar planets. Some Aſtronomers affirm, Þ 
that there is no ſuch motion, others rec- | 
kon it no greater than what may cl q 
„ . * | aſs G 
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10 ariſe from the cauſes hereaſter to be af: \| 
u. ſigned, and is of no moment in the pre- 1 
of ſent queſtion. f . 
e.] We may even neglect the motion of = 94 
de the Moon's apſe, which is far greater 9 
of! than in the circum - folar planets, a- 4 
is] mounting in every revolution to three jc 
e- | degrees. And from this motion it is =. 
he demonſtrable, that the circum-terreſtrial - 
force decreaſes in no leſs than the du- MW 
-- plicate, but far leſs than the tripli- == 
he cate proportion of the diſtance. For 1 
n- | if the duplicate proportion was gradu- 9 
of ally changed into the triplicate, the mo- 1 
»w | tion of the apſe would thereby increaſe 1 
in to infinity; and therefore, by a very 5 
the ſmall mutation, would exceed the mo- — 
it tion of the Moon's apſe. This flow 1 
motion ariſes from the action of the mh 
circum-ſolar force, as we ſhall afterwards = 
explain. Bur ſecluding this cauſe, the 4 
apfſe or apogeon of the Moon will be 1 
fixed, and the duplicate proportion of ba 
the decreaſe of the circum - terreſtrial P 
force in different diſtances from the 1 
Larth, will accurately take race. 1 
lu- 1 
een Now that this proportion has been =_ 
-ſo- Þ cſtabliſhed, we may compare The quantity of the 4 
cm, the forces of the ſeveral planets n LS 0 
rec ; N themſelves. . planets, The cir- | 1 ; 
ſtly Ia the 1 mean n diſtance of: Jus {mon ror goon, - 
riſe piter 
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piter from the Earth, the greateſt elon- 
gation of the outmoſt ſatellite from Ju- 


piter's center (by the obſervations of 


Mr. Flamſteed) is 8. 13/1. And there. 


fore the diſtance of the ſatellite from the 


center of Jupiter, is to the mean diſtance 
of Jupiter from the center of the Sun, 
as 124 to 52012, but to the mean diſ- 
tance of Venus from the center of the 
Sun, as 124 to 72 34. And their perio- 


dic times are 163 . and 2241. And 


from hence (according to Cor. 2. Prop. 


4 ) dividing the diſtances by the ſquares 


of the times, we infer that the force by 
which the ſatellite is impelled towards 
Jupiter, is to the force by which Ve- 
nus is impelled towards the Sun, as 442 
to 143. And if we diminiſh the force, 
by which the ſatellite is impelled in 
the duplicate proportion of the diſtance 


124 to 7234, we ſhall have the circum- 
Jovial force, in the diſtance of Venus 


from the Sun, to the circum-ſolar force 
by which Venus is impelled, as ++; to 


143, Or as I to 1100. Wherefore at 


equal diſtances, the circum - ſolar force 
is 1100 times greater than the Circum- 
jovial. 


And by the like computation, from 


the periodic time of the ſatellite of Sa- 


turn 15 5, 220, and its greateſt elongation 
from 


—— 
— ä — —ů— 
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fromSaturn,while that planet is in its mean 
diſtance from us, 3“ 2077; it follows 


that the diſtance of this ſatellite from 


SVaturn's center, is to the diſtance of 
Venus from the Sun, as 922 to 7234; 
and from thence that the abſolute cir- 
cum: ſolar force is 2360 times greater 
than the abfolute circum- ſaturnial. 


F RO M the ue of the heliocen- 


tric and irregularity of the ge? 
centric motions of Venus, of The circum-terreſtri 
Jupiter, and the other planets, Hons, 
it is evident that the circum-terreſtrial 
force, compared with the Circum- Win 
is very ſmall. . 
Nicciolus and V. endelin ws ſeverally 
tried to determine the Sun's parallax, 
from the Moon's dichotomies obſerved 
by the teleſcope, and they agree that it 
does not exceed half a minute. 
Kepler from Tycho's obſervations and 
his own, found the parallax of Mars 
inſenſible, even in oppoſition to the Sun, 


| when that parallax is n greater 
than the Sun's. 


Flamſteed attempted che ſame paral- 


| lax with the micrometer in the perigeon 
poſition of Mars, but never found it 


above 25“; and thence concluded the 
Sun's parallax at moſt 10%. 


Whence 


al force very mall. 
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Whence it follows that the diſtance 


of the Moon from the Earth bears no 


greater proportion to the diſtance of the 


Earth from the Sun, than 29 to 10000 ; 


nor to the diſtance of Venus from the 


Sun, than 29 to 7233. 


From which diſtances, together with 


the periodic times, by the method a- 
bove explained it is eaſy to infer, That 
the abſolute circum-lolar force is greater 
than the abſolute circum-terreſtrial force 
at leaſt 229400 times. i 


And though we were only certain, 


from the obſervations of Ricciolus and 
Vendelin, that the Sun's parallax was 
leſs than half a minute, yet from this it 
will follow, that the abſolute circum-ſo- Þ 
lar force exceeds the abſolute circum. ö 
5 terreſtrial force 8500 times, 


By che like Compurations 1 happen- 


The apparent dia. ed to diſcover an analogy that 


nets. 


meters of the pla- is obſerved between the forces 


and the bodies of the Planets. 


But before 1 explain this analogy, the 
apparent diameters of the Planets in 
their mean diſtances from the Barth 


muſt be firſt determined. 
Mr. Flamſteed, by the micromete; 


meaſured the diameter of Jupiter 40 / Of 


41/7, / che diameter of Saturn s ring oa 
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and the diameter of the Sun about 32 
1 | 


proportion 5 to 12, the diameter of Sa- 


turn's 1 is inferred about 21". 


such as we have ſaid are the appa- 
| rent magnitudes. But becauſe 


But the diameter of Saturn is to the 
diameter of the ring, accordiug to Mr. 
| Huygens and Dr. Halley, as 4 to 9 ; ac- 
"cording to Galletius, as 4 to 10; and 
according to Hook (by a teleſcope of 60 
fect) as 5 to 12. And from the mean 
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of the unequal refrangibility of he apparent diame- 


light, all lucid points are dila- es. 
ted by the teleſcope, and in the focus of 5 
the objective glaſs poſſeſs a circular 
| ſpace, whoſe breadth is about the 5oth 
part of rhe aperture of the glaſs. 


It is true, that towards the circumfe- 


| rence, the lighr is fo rare as hardly to 
move the ſenſe, but towards the middle, 
| Where it is of greater denſity, and is 

| {nſible enough, it makes a ſmall lucid 

circle, whoſe breadth varies according to 
| the ſplendour of the lucid point, but is 
generally about the 3d, or 4th, or 5th 


part of the breadth of the whole. 


| Let ABD repreſent the circle of the 
| whole light, P Q the {mall circle of the 
| denſer and clearer light, C the center of 


both; 


30 
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both; C A, CB ſemi-diameters of the 


greater circle containing a right angle 


at C; ACBE the ſquare comprehend- 
00 under theſe ſeini- diameters, AB the 
diagonal of that ſquare; E GH an hy- 
perbola with the center Cand aſymptotes 
-C-A, CB; PGa perpendicular crected 
from any point P of the line BC, and 
meeting the hyperbola in G, and the 
right lines AB, AE in K and F: and 
the denſity of the light in any place P, 
will, by*my computation, be as the line 

| FG, and therefore at the center infinite, 
bur near the circumference very ſmall. 
And the whole light within the ſmall 
circle PQ is to the whole withour, as 

| the area of the quadrilateral figure 
AK to the triangle PKB. And we 


are to underſtand the ſmall circle P. 


be there terminated, where F G the den- 


ſity of the light begins to be leſs than 


what is required ro move the ſenſe. 


Hence it was that at the diſtance of 


191382 feet, a fire of 3 feet in diameter, 


through a teleſcope of 3 feet, appeared 
to Mr. Picart of 8". in breadth, when it 


ſhould have appeared only of 3". 14“. 


And hence it is that the brighter fixed 
Stars appear through the teleſcope, as 
of 5” or 6“ in diameter, and that with 2 

| goo 
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good full light, but with a fainter light 


they appear to run out to a greater 


| breadth. Hence likewiſe it was that He- 
welins, by diminiſhing the aperture of 
the releſcope, did cur off a great part of 
the light towards the circumference, and 
| brought the diſc of the Star to be more 
diſtinctly defined, which though hereby | 
| diminiſhed, did yet appear as of 5” or. 
6 in diameter. But Mr. Huygens only 
by clouding the eye-glaſs with a little 
| ſmoak, did ſo effectually extinguiſh this 
| ſcattered light, that the fixed Stars ap- 
| peared as meer points, void of all ſenſi- 
ble breadth. Hence allo it was that 
Mr. Huygens, from the breadth of bo- 
dies interpoſed to intercept the whole 
| light of the Planets, reckoned their dia- 
meters greater than others have meaſu- 
ted them by the micrometer. For the 
ſcattered light which could not be ſeen 
before for the ſtronger light of the Pla- 
net, when the Planet is hid appears 
:cyery way further ſpread. Laſtly from 
hence it is that the Planets appear ſo 
| {mall in the diſc of the Sun, being lefſen- 
ed by the dilated light. For to Hevelins, 
| Galletins, and Dr. Halley, Mercury did 
not ſeem to exceed 12“ or 15“ And 
Venus appeared to Mr. Crabtrie only 
. 3“. to Horrox but 1“. 12”, though 
Y 
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of THE SYSTEM 
by the menſurations of Hevelius and 


5 55 „ RR e 
Hugenius without the Sun's dic, it 51 
ought ro have been ſeen at leaſt 1. 24, 5 


Thus the apparent diameter of the 
Moon, which in 1684, a few days both 


r eclipſe, was Þ «. 


therefore the diameters of the Planets pl 


rations that are made by the microme- 


or ſomething leſs. But (if 1 am 10 


meaſured at the obſervatory of Paris 
31.30”; in the eclipſe it ſelf did not 
ſeem to exceed 30/ or 30“. 05%. And 


are to be diminiſhed, when without the 
Sun, and to be augmented when within Þ 5 
it by ſome ſeconds. But the errours 

ſeem to be leſs than uſual in the menſu- 


ter. So from the diameter of the ſha-Þ 
dow, determined by the eclipſes of the 
ſatellites, Mr. Flamſteed found that the, 
diameter of Jupiter, was to the greateſt > 
elongation of the outmoſt ſatellite as 1Þ 
to 24,903. Wherefore ſince that elon- 
| gation is 8/. 13", the diameter of Jupi-W, 

Ter will be 393“; and rejecting then 
ſcattered light, the diameter, found by. 
the micrometer 40” or 41%, will be re. 
duced to 395. And the diameter of Si | 
turn 21//, is to be diminiſhed by th. 
like correction, and to be reckoned 20 
miſtaken) the diameter of the Sun, bel 5 


caulk 
_ 
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\ cauſe of its ſtronger light is to be dimi- 

' niſh'd ſomething more, and to be reck- 

1 ond about 32/. or 32“. 6//. 


h Taar fo near an analogy ſhould be 1 
2 found among bodies of magni- by the genſity is ; 
is 


' tudes 10 different, is not with- N greatet in ſome vhs” | bl 

| 1 VJ WE ad 09M. 4:8 
It may be that the remoter ces in all are as their - | 
Planets, for want of heat, have quantities of matter. 

not thoſe metallic ſubſtances and pon- — 

derous minerals with which our Earth 

abounds; and that the bodies of Venus 

and Mercury, as they are more expoſed 

"Hi to the Sun's heat, are alſo harder baked 

N and more compact. . e 8 

For from the experiment of the burn- 4 

ing glaſs, we ſee that the hear increafes 

with the denfity of light. And this 

Jdenſity increaſes in the reciprocal du- 


lon plicate proportion of the diſtance from 
12 the Sun. From whence the Sun's heat 


In Mercury is proved to be ſeven- fold 
ts heat in our ſummer ſeaſons. Bar 
With this heat our water boyls; and 
Moſe heavy fluids, quickſilver and the 
pirits of vitriol, gently evaporate, as 1 
have tryed by the thermometer. And 


1 not er. 
be.! erefore there can be no fluids in Mer- 
Gaul fury, but what are heavy, and able to 


Wear a great heat, and from which ſub- 
; „„ ſtances 
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ſtances of - a Ae may be nou 
riſh'd. 
And why not? if God has plac F 
diſterent bodies at different diſtance 
from the Sun, ſo as the denſer bodies 
always pollcts the nearer places, and 
_ each body enjoys a degree of heat ſuit Þ , 
ble to irs condition, and proper for iz 
nouriſhment. From this conſideration 
it will beſt appear that the weight 
of all the Planets are one to another * 
their forces. „ 
Bur I ſhould be lad the diametenſÞ 
| of the Planets were more accurate 
meaſured. And that may be done, it 
lamp, ſet at a great diſtance, is made u 
ſhine through a circular hole, an 
both the hole and the light of the lampar 
To diminiſhed that the ſpectrum may ai 
pear through the teleſcope juſt like ti 
Planct, and may be defined by the tan 
meaſure. Then the diameter of the hop 
will be to its diſtance from the objec 
_ glaſs, as the true diameter of the Plz 
net to its diſtance from us. The lig 
of the lamp may be diminiſhed by th 3 
interpoſition either of pieces of cloai f 
or of {moaked glaſs. : 


| deſcribing, there is another 
obſerved betwen the forces and between the forces 
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Ox kin to the analogy we have been 


and bodies; proved 


the bodies attracted. Since the in the celeſtial bo- 


action of the centripetal force dies. 


upon the Planets decreaſes in the dupli- 


cate proportion of the diſtance, and the 


periodic time increaſes in the ſeſquiplicate 
thereof, it is evident that the actions of 


the centripetal force, and therefore the 


periodic times, would be equal in equal 


Planets, at equal diſtances from the Sun; 


and in equal diſtances of unequal Pla- 
8 k NCtS, the total actions of the centripetal 
force would be as the bodies of the 
| Planets. For if the actions were not 


proportional to the bodies to be moved, 
they could not equally retract theſe bo- 


dies from the tangents of their orbs, and 


force them to revolve in equal orbs, in 
equal times. Nor could the motions of 
the ſatellites of Jupiter be ſo regular, if 
it was not that the circum-ſolar force 


was equally exerted upon Jupiter and 


all its ſatellites in proportion of their ſe- 
veral weights. And the fame thing is 
to be ſaid of Saturn in reſpect of its ſa- 


tellite, and of our Earth in reſpect of 
the Moon. And therefore at equal di- 


ſtances, the action of the centripetal 
force is equal upon all the Planets, in 
| eee 5 pro- 


Another analogy 


2 4 in teneſtlia! 


bodies. 


velocity in equal times, and will make 


equal ſpaces in equal times; and all bo- ö 
dies hung by equal threads, to vibrate in 
equal times, If the action of the force 
was greater, the times would be leſs. I 
that was leſs, theſe would be greater. 


Af TRE SYSTEM... 
proportion of their bodies, or of the 


quanritics of matter in their ſeyeral bo. 


dies: and for the ſame reaſon muſt be Þ 


the ſame upon all the particles of the Þ |, 
ſame ſize, of which the planet is com. Þ , 
poſed. For if the action was greater 


upon ſome fort of particles than upon 9 


others then in proportion to their quan- Þ 4 
tity of matter, it would be alſo greater Þ 
or leſs, upon the whole Planets, not in Þ 
proportion of the quantity only, but 90 
likewiſe of the ſort of the matter e 


more copiouſſy found in one, and b. 
more ſparingly in another. 15 m. 


IN ſuch bodies as are Gone: on our Þ 
Earth of very different ſorts, 1 A; 
examined this analogy with Þ ſer 
| great accuracy. 3 

If the action of the circumterreſtria Þ eq1 
force is proportional to. the bodies to 
be moved, it will move them with equal 


all bodies let fall to deſcend througb 


But it has been long ago obſerved by 


others, that ( allowance being made 
the 
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the ſinall reſiſtance of the Air) all bo- 
dies deſcend through equal ſpaces in 


cqual times. And, by the help of pen- 
© # dulums, that equality of times may be. 


i diſtinguiſh' d to great exactneſs. 


i | Itryed the thing in gold, ſilver, lead, 
n glass, ſand, common falt, wood, water 
- Þ and wheat. I provided two equal 


er # wooden boxes. I filled the one with 


in wood, and ſuſpended an equal weight of 
ut Þ gold ( as exactly as I could) in the 
er center of oſcillation of the other. The 


nd boxes hung by equal threads of 11 feet, 
I made a couple of pendulums perfectly 

equal in weight and figure, and equally 
| expoſed to the reſiſtance of the air. 


| ſerved them to play together, forwards 


the quantity of matter in the wood, as 
the action of the motive force upon all 
[the gold, to the action of the ſame pon 
all the wood, that is, as the weight of 
de one to the weight of the other.. 
And by theſe experiments, in bodies 
bf the ſame weight, I could have diſ- 


be thouſandth * of the whole. 


And placing the one by the other, I ob- 


and backwards, for a long while, with _ 
cqual vibrations. And therefore the 
quantity of matter in the gold wes to 


Covered a difference of matter, - leſs than 
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| Since the action of the centripe. 
The affinity cf thoſe Tal force upon the bodies at. 
analogies, tracted, is, at equal diſtances, 
proportional to the quantities of mat. 
ter in thoſe bodies; reaſon requires 
that it ſhould be alſo proportional to the 
quantity of matter in the * at. 

tracting. | 

For all ation is natal. and make 
the bodies mutually to approach One 
to the other, and therefore muſt be the 
jame in both bodics. It is true that we 
may conſider one body as attracting, 
another as attracted. But this diſtinction 
is more mathematical than natural. The 
attraction is really common of either to 
other, and therefore of the ſame kind in 


both. 


Ann hence it is that the attractive 
force is found in both. The Sun 
_ attracts Jupiter and the othe 
Planets. Jupiter attracts its farellires 


And ccincidenc. 
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And for the ſame reaſon, the fatellites | | 
act as well one upon another as upon 
Jupiter, and all the Planets matuay 
one upon another. = 

And though the mutual aQjons | ol \ 


Hu two Planets may be diſtinguiſhed and 
I: | 
| _ conſidered as two, by which each at 


= tracts the other; yet as thoſe action 
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are intermediate, they don't make two, but 


one operation between two terms. 'i'wo 
bodies may be mutually attracted, cacli 
to the other, by the contraction of a 
cord interpoſed. There is a double 
cauſe of action, to wit, the diſpoſition 
of both bodies, as well as a double ac- 
tion in ſo far as the action is conſidered 
as upon two bodies. But as betwixt two 
bodies it is but one ſingle one. Tis 
not one action by which rhe Sun at- 
tracts Jupiter, and another by which Ju- 
B piter attracts the Sun. 


tion by which the Sun and Jupiter mu- 


tually endeayour to approach cach the 
other. By the action with which the 
Sun attracts Jupiter, Jupiter and the Sun 


endeavour to come nearer together, 


and by the action, with which Jupiter 
attracts the Sun, likewiſe Jupiter and 
the Sun endeayour to come nearer to- 
gether. But the Sun is not attracted to- 
| wards Jupiter by a two-fold action, nor 

Jupiter by a two-fold action towards 
the Sun: but 'tis one ſingle interme- 


diate action, by which both approach 


nearer together. 


Thus iron draws the load: tone, as 


well as the load-ſtone draws the iron. 


| For all iron in the neighbourhood of the 
8 load- ſtone. draws other iron. 
D 4 action 


But the 


But it is one ac- 
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action betwixt the load-ſtone and iron 
is ſingle, and is conſidered as ſingle by 
the philoſophers. The action of iron 


upon the load- ſtone is indeed the action 


of the load-ſtone betwixr it ſelf and the 


jron, by which both endeavour to come 


_ nearer together. And ſo it manifeſtly 


appears. For if you remove the load. 


| ſtone, the whole force of the iron al- 


moſt ceaſes. 
In this ſenſe it is that we are-to con- 
ceive one ſingle action to be exerted be. 


twixt two Planets, ariſing from the con- 
ſpiring natures of both. And this action 
ſtanding in the ſame relation to both, 
if it is proportional to the quantity of 


matter in the one, it will be alſo propor- 


tional to the quantity of matter in the 
other. 


Pena e it may be objected, that 


That ks frrces of according ro this philoſophy, 
ſmall bodies arein- all bodies ſhould mutually at- 


| ſenſible, 


tract one another, contrary 


to the evidence of experiments in ter- 


reſtrial bodies. But I anſwer, that the 


experiments in terreſtrial bodies come to 
no account. For the attractions of 
homogeneous ſpheres near their ſurfaces, 
are as their diameters. Whence a ſphere 


of 3 in diameter, and of a like 


nature 
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nature to the Earth, would attract a 


{mall body plac'd near its ſurface with a 


force about 20000000 times leſs, than 


the Earth would do if placed near its 
ſurface. Bur ſo ſmall a force could pro- 


duce no ſenſible effect. If two ſuch 
ſpheres were diſtant but by 4 of an inch, 
they would not even in ſpaces void of 
reſiſtance, come together by the force 


of their mutual attraction in leſs than a 


months time. And leſs ſpheres will 


come together at a rate yet ſlower, viz. 
in the proportion of their diameters. 


Nay whole mountains will not be ſuffi. 
cient to produce any ſenſible effect. A 
mountain of an hemiſpherical figure, 


three miles high, and ſix broad, will not 


by its attraction, draw the pendulum 
2 minutes out of the true perpendi- 
cular. And 'tis only in the great bo- 
dies of the Planets that theſe forces are 


to be perceivd, unleſs we may reaſon a- 


bout ſmaller bodies in manner follow- 


ing. 


4 


0 


LET 


Which notwithſtand- 
ing, there are forces 
tending towards all 
terreſtrial bodies, 
proportional to their 
quantities of matter. 


F THE SYSTEM 


A 


T ABC D repreſent the globe 
of the Earth, cut, by any plane 


A C, into two parts A CB, 
and ACD. The part A Ch 
bearing upon the part AC 
preſſes it with its whole weight 
Nor can the part A CD ful. 


rain this preſſure and continue un- 
moved, if it is not oppoſed by an equal 

_ contrary preſſure. And therefore the 
parts equally preſs each other by their 
weights, that is, equally attract each o- 
ther, and if ſeparated and let go would 
fall towards each other with velocities 
reciprocally as the bodies. All which 
e may try and fee in the load- ſtone, 


wWhoſe 


4! 
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whoſe attracted pre docs not propell the | | 
part attracting, but is omy ſtopped and 1 
ſuſtained thereby. | 1 
Suppoſe now that ACB repreſents _— i 
ſome ſmall body on the Earth's furface ; _ 
and becauſe the mutual attractions of © 0 
this particle and of the remaining part 
of the Earth towards each other, are — 
cqual; but the attraction of the parti: 1 
cle towards the Earth (or its weight ) .-. 
is as the matter of the particle ( as we y 
have proved by the experiment of the f 
1 pendulums) the attraction of the Earth 8 . 
towards the particle, will likewiſe be aas „ 
the matter of the particle. And therefore 5 
the attractive forces of all terreſtrial bo- 9 
dies, will be as their leveral quantities 4 
of matter. 1 
Tux forces, which are as the matter 14 

in terreſtrial bodies of all form, li- 
and therefore are not mutable Prov's that the ſume it 

| orces tend towards 1 
with the forms, muſt be found the celeſtial bodies, 1 
in all forts of bodies whatlo- _ 4 
ever, celeſtial as well as terreſtrial, and be ii} 
in all proportional to their quantities . 
matter, becauſe among all there is no 5 4 
difference of ſubſtance, but of modes 1 
and forms only. But in the celeſtial bo- [13 
dies, the ſame thing is likewiſe proved al. 
thus. We have ſhewed, that the action w 
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the ſimple proporti- 
on of the diſtances continue mutually to attract 


from their centers, . one another 48 be fore. And Ol 
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of the circumſolar force upon all the 
Planets ( reduced ro equal diſtances} is 
as the matter of the Planets ; That the 
action of the circumjovial force upon the 
ſatellites of Jupiter obſer ves the ſame 
law; and the ſame thing is to be faid of 
the attraction of all the Planets towards 
every Planet. But thence it follows 
that their attractive forces are as their 
5 ſeveral quantities of matter, 


* 


As the parts of the” Earth with: at- 
That from the ſurfa- tract one another, ſo do thoſe 
ces of the Planets, of all the Planets. If Jupiter and 
reckoning outward, | 
their forces decreaſe its ſatellites were brought toge- 


in the duplicate; but, ther, and formed into one globe; 
reckoning inward, in 


without doubt, they would 


*the other hand, if the body of Jupiter 


was broke into more globes, to be ſure, 
theſe would no leſs attract one another 
than they do the ſatellites now. From theſe 
attractions it is that the bodies of the 
Earth. and all the Planets affect a ſphe- 
rical figure, and that their parts cohere, 
and are not diſperſed through the Ether. 


But we have before proved that theſe 


forces ariſe from the univerſal nature of 
matter, and that therefore the force of 
any whole globe is made up of the fey eral 
forces 


* 


forces of all its parts. And from thence 
it follows, that the force of every par- 

| ticle decreaſes in the duplicate propor- 
tion of rhe diſtance from that particle; 
and that the force of an entire globe, 
reckoning from the ſurface outwards, 
decreaſes in the duplicate, but reckon- 
ing inwards, in the ſimple proportion 
of the diſtances, from the centres, if 
the matter of the globe be uniform. 
And though the matter of the globe, 
| reckoning from the center towards the 
| ſurface, is not uniform; yet the de- 
| creaſe in the duplicate proportion of the 
| diſtance outwards would take place, pro- 
vided that difformity is ſimilar in pla- 
ces round about at equal diſtances from 
the center. And two ſuch globes will 
attract one the other with a force de- 
creaſing in the duplicate proportion of 
the diſtance between their centers. 


| WHEREFORE the abſolute force of 
| every globe is as the quantity 7 
| of marrer which the globe CON- forces and of the mo- 
| tains. But the motive force by dens ariſing in the 
which every globe is attracted 


towards another, and which, in terreſ- 
trial bodies, we commonly call their 
weight, is as the content under the 

quanties of matter in both globes ppl: 


<I 


The quantities of the 


ſeyeral caſes. 
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That all the Planets 
revolye about the have above ſeen that the Cir- 


88 a 
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ed to the ſquare of the diſtance be. 


tween their centers ; to which force the 


quantity of motion, by which each globe 
in a given time will be carried towards 
the other, is proportional. And the 
accelerative force, by which every globe 
according to its quantity of matter is 
attracted towards another, is as the 
quantity of matter in that other globe 
applyed to the ſquare of the diſtance be- 
tween the centers of the two; to which 
force, the velocity, by which the at. 
_ tracted globe will, in a given rime, be 
carried towards the other, is proportio- 
nal. And from theſe principles wel 
55 underſtood, it will be now eaſy to de. 


termine the motions of the celeſtial bo. 
dies —. themſelves. 5 


F ROM comparing the forces of the 
Planets one with another, we 


2 cum: ſolar does more than 
thonland times exceed all the reſt. Bu 
by the action of a force ſo great, it is 


unavoidable bur that all bodies within 
nay and far beyond, the bounds «i 
the planetary ſyſtem, muſt deſcend dr 
rectly to the Sun, unleſs by other mo. 


tions they are impelled towards otht! 


parts. Nor is our Earth to be excludel 
5 from 
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* from the number of ſuch bodies. For 
certainly the Moon is a body of the 
ſame nature with the Planets, and ſub- 


ject to the ſame attractions with the 


other Planets, ſeeing it is by the circum- 
terreſtrial force that it is retained in its 
orbit. But that the Earth and Moon are 
cqually attracted towards the Sun, we 
| have above proved: We have likewiſe 
before proved, that all bodies are ſub- 
| ject to the ſame common laws of attrac- 
tion. Nay, ſuppoſing any of thoſe bo- 
dies to be deprived of its circular mo- 
tion about the Sun, by having its diſtance 
from the Sun we may find in what 

| ſpace of time it would, in its deſcent, 
arrive at the Sun; to wit, in half that 

periodic time, in which the body might 

| be revolved at one half of its former 
diſtance; or, in a ſpace of time that is 
to the periodic time of the planet as 1 
to 4 2. As that Venus in its de- 

ſcent would arrive at the Sun in the 
| ſpace of 40 days, Jupiter in the ſpace 
of two years and one month; and the 
| Earth and Moon together in the ſpace 
of 66 days and 19 hours. But fince no 
| ſuch thing happens, it muſt needs be 
that thoſe bodies are moved towards 
other parts. Nor is every motion ſuffi- 
cient for this purpoſe. To hinder ſuch 
> 


"IS. 


<a Iu — 24 2 
— — — 
an > 9 — — - — c 
2 ; E 

3 9 


ho — — 2 


— 
—— Wiki 


— — - — 
5 hs 


_— - -_- 


— 
—_— «= fas ” + K * ; , 3 
1 — — 9 —— — one pr r= ů— dr 


and become truly ſtationary and rege 


1 


a deſcent, a due proportion of velocit 


is required. And hence depends the 


force of the argument drawn from the 


retardation of the motions of the Pla. 
nets. Unleſs the circum-ſfolar force de. 
creaſed in the duplicate ratio of their 
increaſing ſlowneſe, the excels thereof 
would force thoſe bodies to deſcend to 
the Sun. For inſtance, if the motion 
(ceteris paribus) was retarded by one 


half, the planet would be retained in its 


orb by one fourth of the former circum- 


ſolar force, and by the exceſs of the 
other three fourths would deſcend to the 
Sun. And therefore the Planets (Sa. 
turn, Jupiter, Mars, Venus, and Mer. 
cury) are not really retarded in their 
perigees, nor become really ſtationary 
or regreſſive with flow motions. Al 
theſe are but apparent, and the abſo- 
lute motions, by which the Planets 


continue to revolve in their orbits, ate 


always direct and nearly equable. But 
that ſuch motions are performed about 


the Sun, we have already proved ; and 


therefore the Sun, as the center of the 
_ abſolute motions, is quieſcent. For we 
can by no means allow quieſcence to 
the Earth, leaſt the Planets in their pc 


rigees ſhould indeed be truly retarded, 


| {ive 


1 _ — — 9 — <p WR 
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ty Þ five, and fo for want of motion ſhould 
the Þ deſcend to the Sun., But further, ſince 


the the Planets (Venus, Mars, ſupiter and 


la. the reſt) by radii drawn to the Sun de- 


de. ſcribe regular orbits, and area's (as we 
eir have ſhewed) nearly and to ſenſe pro- 


cof | portional to the times zit follows that 
| to Þ the Sun is moved with no notable force, 
ion Þþ unleſs perhaps with ſuch as all the Pla- 


one Enets are equally moved with, accord- 


its ing to their ſeveral quantities of matter, 
um- in parallel lines, and fo the whole ſyſ- 
the tem is transferred in right lines Re- 


the ject that tranſlation of the whole ſyſtem, 


(Sa. and the Sun will be almoſt quieſcent in 


Mer. the center thereof. If the Sun was re— 
heir (volved about the Earth, and carried the 


nary other Planets round about it ſelf, the 
All Farth ought to attract the the Sun with 
bſo- Ja great force, but the circum- ſolar Pla- 


nets Nets with no force producing any ſenſi- 
, are Ible effect, which is abſurd. Add to 
this, that if hitherto the Earth, becauſe 


al force excceding our terreſtrial gravi- 
ation a thouſand times and more, ought 
© be depreſſed into the lowermoſt place, 


E tem. 


of the gravitation of its parts has been 
placed by moſt authors in the lowermoſt 
ſegion of the Univerſe; now for better 
eaſon, the Sun poſſeſſed of a centripe- 


ind to be held for the center of the ſyſ. 
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„ THE SYarul. 
tem. And thus the trac diſpoſition of 


* 


the whole ſyſtem will be more fully and 
more exactly underſtood. 1 


B. Ec ausE the fixed Stars are quieſ- 


That the common 


Tenter of gravity of 
all the Planets is 
quieſcent, That the 
Galan is agitated with 

2 very flow motion. 


Thismotion defined. 


cent one in reſpect of another, Þ 
we may conſider the Sun, Earth 
and Planets as one ſyſtem of 
bodies carried hither and thi- 
ther by various motions among 
themliclyes, and the com- 


mon center of pravity of all will ei⸗ 
ther be quieſcent, or move uniformly 
forward in a right line: In which calc 
the whole {ſyſtem will likewiſe move 
. uniformly forward in right lines. But 
this is an hypotheſis hardly to be ad- 
mitted. And therefore ſetting it aſide, 
that common center will be quieſcent. 
And from it the Sun is never far remo- 

| ved. The common center of gravity 
of the Sun and Jupiter falls on the fur. 
face of the Sun. And though all the 
Planets were placed towards the ſame 
parts from the Sun with Jupiter, the 
common center of the Sun and all of 
them would ſcarcely recede twice as far 
from the Sun's center. And therefore 
though the Sun, according to the vari-. 
ous Faation of the Planets, is varioully 
agitated and always wandering ms 
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fro with a ſlow motion of libration. yet 
it never recedes one entire diameter of 
its own body from the quieſcent center 
of the whole Syſtem, Bur from the 


weights of the Sun and Planets above 


determined, and the ſituation of all a- 


mong themſelves, their common center 
of gravity may be found, and this being 
given, the Sun's place to any ſuppoted 


time may be obtained. 


Abr the Sun thus librated th 


| other Planets are revolved in 
1 elliptic orbits, and, by radii 
drawn to the Jon, deſcribe a- 
rea's nearly proportional to the 


times, as was explained before. 


5 That the Pie ne- 
vertheleſs are revol- 


ved 1n ellipſes, ha- 
ving their toci in 
the Fin; and by ra- 


dii 3 to the Sun 
deſcribe area's pro- 


If the Sun was quieſcent, and the portional 
| other planets did not act mutu- es. 
ally one upon another, their orbits would ö 


be elliptic, and the area's exactly propor- 


tional to the times. Bur the actions of 


the Planets among themſelves, compa- 


red with the actions of the Sun on the 
Planets, are of no moment, and pro- 
duce no ſenſible errours. And thoſe 
errours are leſs in revolutions about the 


Sun agitated in the manner but now de- 


, ſcribed, than if thoſe revolutions were 
made about the Sun quieſcent, eſpeci- 
ally if the focus of every orbit is placed D 
, E * ? 5 


* 


cle 
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in the common center of gravity of all 
the lower included Planets : vg. the fo. BY 
cus of the orbit of Mercury, in the cen- 
ter of the Sun; the focus of the orbit of 
Venus, in the common center of gra- 
' vity of Mercury and the Sun; the focus 
of the orbit of the Earth, in the common 
center of gravity of Venus, Mercury 
and the Sun; and ſo of the reſt. And by 
this means the foci of the orbits of al 
the Planets except Saturn, will not be FF : 
ſenſibly removed from the center of the 
Sun, nor will the focus of the orbit of 
Saturn recede ſenſibly from the com. 
mon center of gravity of Jupiter and 1 
the Sun. And therefore aſtronomers MW © 
are not far from the truth, when they 
reckon the Sun's center the common | 
focus of all the planetary orbs. In Sa. 
turn it ſelf, the errour thenee ariſing | 
R . does not exceed 1“. 45“/. And if its 


orb, by placing the focus thereof in the 
common center of gravity of Jupiter 
and the Sun ſhall happen to agree better 
with the phanomena, from hence al 
that we have ſaid will be farther con. 
firmed. - OE, „„ — 


4 


I. 
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Ir the Sun was quieſcent and the 
Planets did not act one on an- 


apnelions and nodes, 


quieſcent. And the longer axes 
of their elliptic orbits would be as the 
cubic roots of the {quares of their perio- 
dic times: And therefore from the gi- 
ven periodic times woul | be allo given. 
hut thoſe times are to be meaſured not 
from the equinoctial points, which are 

TS moveable ; bur from the firſt Star of 
Aries. Put the ſemi- axe of the Earth's 

44 orbit xo0000, and the ſemi- axes of the 
KF otbirs of Saturn, Jupirer, Mars, Venus, 


b | and Mercury, from their periodic times 
vill come out 95 3606 520116, 72333, 


| 38710 reſpectively, But from the Sun's 
| motion every ſemi-axe is encreaſed by 
about one third of the diſtance of the 
Sun's center from the common center 
of gravity of the Sun and Planet. And 
irom the actions of the exteriour Planets 
on the interiour, the periodic times of 
the interiour are ſomething protracted | 
though ſcarcely by any ſenſible quin- 
ity ; and their aphelions are transfer- 
: 0 a very ſlow motions in conſequen- 
Ir % And on the like account the pe- 
1 die times of all, eſpecialiy of the ex - 
teriour Planets, will be prolonged by 
4 | | | E 3 3 che 


Of the dimenſions 
| other the aphelions and nodes of the orbits, and of 


of their orbs would likewiſc be re motions of their 


. me moe + 
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1 the action s of the comets, if any ach 
there are, without the orb of Saturn, 
1 1 and the aphclions of all will be thereby 
Carried forwards in Ponſequentia. Bur 
from the progreſs of-the aphelions, the 
regreſs of the 3 follows. And. it 


* rr 


The plain of the Ecliptic is quieſcent, the . 

8 regreſs of the nodes will be to the pro- 8 
geicis of the aphelion in every orbit, as x 

— the regreſs of the nodes of the Moon's f 

orbit to the progreſs of its apogæon near i, 

ly, thit is, as about 10 to 21. But afro. | 


E nomical obſervations ſeem to confim ö 80 
. a very ſlow progreſs of the aphelions E " 
and a regrels of the nodes in reipect o 4 
9 the fixed Stars. And hence it is pro 
| 5 bable, that there are comets in the reg. 
ons bey ond the Planets, which reyol 
ving in very ecccutric orbs, quickly f| 
through their peribelion parts, and b) 
1 an exceeding ſlow motion in their able ; 
þ lions, ſpend almoſt their whole time uu 
the regions beyond the Planets ; as vi 
hall afterwards Explain more at large: | 


Tur planets thus reyolved abou 
the Sun, may at the lan - 


„ 155 
All the motions of 


the Moon that have time Carry others revolving 
3 ob- bout themſelyes as ſatellites q; 
. attreno- N 
mers, derived from VI OoOns. But from the aid 
the foregoing prin- of the Sun, Our Moon mu | 
move with greater veloct!) 


ciples. 


| both unequable. 
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and, by a radius drawn to the Earth, 


deſcribe an area greater for the time; it 


muſt have its orbit leſs curve, and there- 


fore approach nearer to the Earth, in 


the ſyzygies than in the quadratures, 
except in {q far as the motion of eccen- 
| tricity. hinders thoſe effects. 
eccentricity is greateſt when the Moon's 
apogæon is in the 1yzygies, and leaſt 
when the ſame. is in the quadratures * 


For the 


and hence it is that the perigeon- Moon 


is ſwifter and nearer to us, but the apo- 


gzon-Moon lower and tarther from us, 


in the {yzygies than in the quadratyres. | 
but further, the apogæon has a progrel- 
| five, and the nodes a regreſſi ive motion, 
For che apogæon is 
more ſwiftly progreſſive in its lyzygics, 
more ſlowly regreſſive in its quadratures, 
and by the excels of its progreſs above. 
its regreſs is yearly transferred in conſe- 
quentia: but the nodes are quieſcent in 

their ſyzygies, and moſt ſwiftly regreſ- 
ſive in their quadratures. But further 
| ſtill, the greateſt latitude of the Moon is 
| greater in its quadratures than in its ſy- 
| Zygies; and the mean motion ſwifter 
| in the aphelion of the Earth than in its 
| perihelion, 
| Moon's motion have not hitherto been 
taben notice of by aſtronomers. But 
E 4. all 


More inequalities in the 
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all theſe follow from our principles, and 
are known really to exiſt in the heavens. 
And this may be ſeen in that moſt in- 
genious, and, it I miſtake not, of all the 


moſt accurate, hypotheſis of Mr. Hor. 
ro, which Mr. Flamſteed has fitted 


ro the heayens. Bur the aſtronomical 
hypotheſes are to be corrected in the 


motion of the nodes. For the nodes 


admit the greateſt equation or proſtha- 
phzrefis in their octants, and this ine- 
qu ality is moſt compicuous when the 

Moon is in the nodes, and therefore 


5 4110 in the octants. And hence it Was 
that Tycho and others after him referred 
this inequality to the octants of the 


Moon, and made it menſtrual. But the 


reaſons by us adduced prove that it 
_ onzht to be referred to the octants of 


the nodes, and to be made annual. 


Brerpr thoſe inequalities taken no- 


„ N alſo ſome oth er 


unequable motions 
that lit erto have 


dice of by aſtronomers, there 


are yet ſome others, by which 
the Moon's motions are ſo a 


not 5 obſerved. turbed, 


that hitherto by n 


law could they be reduced to any cer- 
_ tain regulation. For the velocities or 
horary motions of the apogee and nodes 
ot the Moon, and their equations, as 
well as the difference berwixt the great- 


eſt 
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cet eccentricity in the {yzygies and the 
' leaſt in the quadratures and that inequa- 
lity which we call the variation, in the 
. progreſs of the year are augmented and 
diminiſhed in the triplicate ratio of the 
Sun's apparent diameter. Beſide that, 
dhe variation is mutable nearly in the 
| F duplicate ratio of the time between the 
 # quadratures. And all thoſe inequalities 
| are ſomething greater in that part of the 
| orbit, which reſpects the Sun, than in the 
FF oppoſite part, but by a difference that 55 | 
is fcarcely or not at all perceptivie; 7 7: MY 


| By a computation which for bre- 
 vities fake 1 don't getcribe, ! 
1 ä „%% é—-Kũůͥa of 
alſo find, that the area which the Moon from the 
the Moon, by a radius drawn Farth to any given 


do the Earth, deſcribes in tze j 
| ſeveral equal moments oftime is nearly as 19 
the ſum of the number 237% and verſed . 

ſne of the double diſtance of the Moon 

from the neareſt quadrature in a circle 1 

FF whole radius is unity; and therefore 
that the ſquare of the Moon's diſtance 


from the Earth, is as that ſum divided 

| by the horary motion of the Moon. 

{ Thus it is when the variation in the oc- 

| tants is in its mean quantity. But if 

the variation is greater or leſs, that ver- 

led fine muſt be augmented or diminiſh- 
. "od 
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| The motions of the 
ſatellites of Jupiter N 
and Saturn, derived and Saturn. For the mean mo- 
from the 
of our Moon. 
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ed in the fame ratio. Let aſtronomers 
try how exactly the diſtances thus found 

will agree with the Moon's . 
diameters. 


* | | 5 
-F ROM the motions of our Moon we 
may derive the motions of the 
Moons or Satellites of Jupiter 


motions tion of the nodes of the out- 


oon about 


carried 8” 24“ backwards, or in ante- 
cedentia. The mean motions of the nodes 


of the inner ſatellites are to the (mean) 
motion of (the nodes of) the outmoſt 


as their periodic times to the periodic 


time of this, and are thence given. And 
the motion of the apſis of every ſatellite 
in conſequentia is to the motion of its 
nodes in antecedentia, as the motion 


of 


moſt ſatellite of Jupiter is to 
the mean motion of the nodes of our 
Moon in a proportion compounded of 
the duplicate proportion of the periodic | 
time of the Earth about the Sun, to the 
periodic time of Jupiter about the Sun, 
and the ſimple proportion of the perio- 
dic time of the ſatellite about Jupiter to 
the periodic time of our 11 
the Earth; and therefore thoſe nodes, 
in the ſpace of an hundred years, arc 
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of the apogee of our Moon, to the mo- 
tion of its nodes and is theuce given. 


The variation of a latciite feen rom 


Jupiter i is to the variation of our Moon, 
in the ſame proportion, as the whole 
motions of their nodes retpectively, 


during the times, in which the ſatellite 


and our Moon ( atter parting from) 


are revolved ( again) to the Sun; 


and therefore in the outmoſt ſatel- 
lite the variation does not exceed 5/. 


12!/!, From the ſmall quantity of thoſe 


inequalities and the ſlownels of the mo- 


tions, it happens that the motions of 
the ſatellites are found to be fo regulur, 
| that the more modern aſtronomers ei- 


ther deny all motion to the nodes, or 
| affirm them to be very Oy regent: 
| five. . 


Wul x the Planets are thus 
revolved in orbits about remote 
centers, in the mean time they Stars, are 


That the Pate in 
refpect of the fix<d 
revolved _ 


make their ſeveral rotations a. Þy equable motions | 


about their proper 


bout their proper AXES 3 the axes. And that (per- 


| in baps) thoſe motions 
ls In 26 days ; a Jupiter, 1 are the moſt fit for 


| 9 56; Mars, in 247 . ; Venus, the Span ot time, 


[10 23 b and that in plains not 
much inclined to the plain of the E- 


eliptic, and according to the order of 


the 
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from the Ipots or maculæ, that by 
turns preſent themſelves to our fight in 


lution of our Earth performed in 24". 


rated nor retarded by the actions of the 
molt fit for the menſuration of time 


ed cquable, not from their return to 


thoſe Planets from Sun to Sun are ren- 
dered unequable. EE 


IN like manner is the Moon revolved 
ailbout its axe by a motion moſt |} 
That the Moon lite. equable, in reſpect of the fixed | 


wiſe is revolved by 


a diurnal motion a- Stars, UVIS. in 279. 7.8. | 437. | 
bout its axe, and that that is, in the ſpace of a ſyde- | 


its libration does 


' thence ariſe. real month; ſo that this diur- | 


nal motion is equal to the mean 


motion of the Moon in its orbit. Up- 
on which account, the ſame face of the | 
Moon always reſpects the center about 


which this mean motion is performed, 


Z that is, the exteriour focus of the Moon's ! 
orbit nearly. And hence ariſes a de- 
355 flexion 


the ſigns, as aſtronomers determine 


their bodies. And there is a like revo- 
And thoſe motions are neither accele- 


centripetal forces. And therefore of F 
all others they are the moſt equable and 


Bat thoſe revolutions are to be reckon- 
the Sun but to ſome fixed Star. For as 


the poſition of the Planets to the Sun 
is uncquably varied, the revolutions of 
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fluxion of the Moon's face from the 


Earth, ſometimes towards the caſt, at 


other times towards the weſt, accord— 


ing to the poſition of the focus which. 
it reſpects ; and this deflexion is equal 
to the equation of the Moon's orbit or 
to the difference betwixt its mean and 
I true motions. And this is the Moon's 


libration in longitude. Bur, it is like- 


' F viſe affected with a libration in latitude 
I zrifing from the inclination of the 
Moon's axe to the plain of the orbit in 
which the Moon is revolved about the 
Earth. For that axe retains the ſame poſi- 


tion to the fixed Stars nearly, and hence 


the poles preſent themſelves to our view 
by turns : as we may underſtand from 
the example of the motion of the Earth, 


whoſe poles, by reaſon of the inclination 


of its axe to the plain of the ecliptic, are 


by turns illuminated by the Sun. To 


determine exactly the poſition of the 
Moon's axe to the fixed Stars, and the 
Variation of this poſition, is a problem 
JVorthy of an aſtronomer. : 


By reaſon of the diurnal re- 


- oo the 


Ox 


Fiolutions of the Planets, the o r 2 | 
matter which they contain en- of the libratory mo- 


Naeavours to recede from the don of the ares of the 


a . Earth and Planets. 
Nes of this motion; and hence ee 


— — 
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the fluid parts riſing higher towards 
the cquator than about the poles, would 
lay the ſolid parts about the equator 
under water, if thoſe parts did not riſe 


allo. Upon which account the Planets 


are ſomething thicker about the equator | 

than about the poles, and their equi- 
noctial points thence become regreſſive, 
and their actions by a motion of nuta- 
tion, twice in every revolution librate Þ 
towards their ecliptics, and- twice re. 
turn again to their former inclina- 


tion. And hence it is that Jupiter, 


viewed through very long teleſcopes, | 
does not appear altogether round, but 
having its diameter that lies paralle 
to the Ecliptic, ſomething longer than 
2 which is drawn from north to 


Any from the 


diurnal motion 


—— 
—— — — — * 
—— —— — — — — — — 
g © \ 


twice to flow, aud 
twice to ebb every 
day; that the higheſt 
water muſt fall out 
in the third hour af. 
ter the appulſe of the 
luminaries to the me- 
ridian of the place. 


That the ſea ougbt and the attractions of the 
Sun and Moon, our Sea ought | 
twice to riſe and twice to fall 
every day, as well Lunar as 
Solar, and the greateſt height of 
the water muſt happen before 
the ſixth hour of either day, 
and after the twelfth hour preceding, 5% 

the ſlowneſs of the diurnal motion, the 

flood is retracted to the 12th hou, 


and 


, Ü ee i io 


— 
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and by the force of the motion of reci- 
procation it is protracted and deferred 

till a time nearet to the ſixth hour. But 
till that time is more certainly deter- 
mined by the phænomena, chooſing the 
middle between thoſe extremes, why may 

- F we not conjecture the greateſt height of 

„ the water to happen at the third hour? 
„for thus the water will riſe all that time 
c in which the force of the luminaries to 
e- naiſe it is greater, and will fall all that 
a- time in which their force is leſs. For 
r, from the i to the 34 hour that force is 
s, greater, and from the 34 to theg® it is 
les. The hours I reckon from the ap- 

| pulſe of each luminary to the meridian 

| of the place, as well under as above the 
to horizon; and by the hours of the lu— 

BF nar day I underſtand the 24 parts of 
chat time which the Moon ſpends be- 
pre it comes about again by its apparent 

TW diurnal motion to the meridian of the 


place, which it left the day before. 

Bur the two motions which the two 
pear diſtinguiſhed, but will make rides happen in the 
iter the appulſe of the Moon to the meridian of the place. But 


that out of the ſyzygies and quadratures thoſe greateſt and leaſt 


iter the appulſe of the Sun to the meridian, 


A 


luminaries raiſe will not ap- That the greateſt 


1 | Nb ſyzygies of the lumi. 
nartes, the leaſt in their quadratures : and that at the third bout 


tides deviate a little from that third hour towards the third hour 


eo 
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a a certain mixt motion. In the conjun- 
ction or oppoſition of the luminaries, 


their forces will be conjoined and bring 


on the greateſt flood and ebb. In the 


quadratures the Sun will raiſe the wa— 
ters which the Moon depreſſeth, and de- 


preſs the waters which the Moon rai- 


{eth, and from the difference of their for- 
ces, the ſmalleſt of all tides will follow. 


And becaule (as experience tells us) the 
force of the Moon is greater than that 


of the Sun, the greateſt height of the 
water will happen about the third lunat 


hour. Out of the ſyzygies and qua- 


dratures the greateſt tide, which by the 


ſingle force of the Moon ought to fall 
out at the third lunar hour, and by the 


ſingle force of the Sun at the third ſo- 


lar hour, by the compound forces of 
both muſt fall out in an intermediate 
time that approaches nearer to the third 
hour of the Moon than to that of 


the Sun: And therefore while the Moon 
is paſſing from the ſy zygies to the qua- 


dratures, during which time the 34 hour 
of the Sun precedes the 34 of the Moon; 
and by the greateſt intervals, the great- MW 


eſt tide will follow the 34 lunar hour, 


while the Moon is paſſing from the qua. 


dratures to the ſyzygies. 


Bur 


1 „ K hp ood (wi a. 
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| Bur the effects of the luminaries 
depend upon their diſtances 
| from the Earth. For when greateſt when the lu- 
| they are leſs diſtant, their ef-  minaries ace 3 
| fects arc greater, and when 
more diſtant their effects are leſs, and 
that in the triplicate proportion of their 

| apparent diameters. Therefore it is that 
the Sun in the winter time, being then 
| in its perigec, has a greater effect, and 
makes the tides in the fyzygies ſome- 
thing greater, and thoſe in the quadra- 
| tures ſomething leſs than in the ſummer 
ſeaſon; and every month the Moon, 
| while in the perigee, raiſeth greater tides 
| than at the diſtance of 15 days before 
| or after, when it is in its apogee. 
| Whence it comes to paſs that two high- 
| eſt tides do not follow one the other, in 
wo immediately ſuccesding lyzygics. 


perig 7CCS, 


| Tus effect of either luminary doth N 

likewiſe depend upon its decli- 
| nation or. diſtance from the greateſt about the e. 
| equator. For if the luminary e 
was placed at the pole, it would con- 

ſtantly attract all the parts of the wa- 
| ters, without any intenſion or remiſſion 


of its action, and could cauſe no reci- 


procation of motion. And therefore as 
the luminaries decline from the equa» 
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; That the tides ar- 


That the tides are 


That outof the equa- 


des are tudes Of places. Let Ap ETF 


tor the 
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tor towards either pole, they will by de. 
grees loſe their force, and on this account 


will excite leſſer tides in the ſolſtitial than 
in the equinoctial ſy zy iges. But in the ſol. 


ſtitial quadratures, they will raiſe greater Þ 
tides than in the quadratures about the 
cquinoxes; becauſe the force of the Moon. 
then ſituated in the equator, moſt exceeds Þ 
the force of the Sun. Therefore the 
greateſt rides fall out in thoſe ſyzygies Þ 
and the leaſt in thoſe quadratures ; which 
happen about the time of both equinox. 
es. And the greateſt tide in the ſyzy- 
gies is always ſucceeded by the leaſt 
ride in the quadratures, as we find by 
experience. But becauſe the Sun is le 
diſtant from the Earth in winter than in 
ſummer, it comes to paſs that the Þ 
greateſt and leaſt tides more frequently | 
| appear before than after the vernal equi. 
nox; and more frequently after, than 
before the autumnal. e 


Monk oyER the effects of the lv 
minaries depend upon the [ati 


greater and lels al- repreſent the Earth, on all 


ternately. 


ſides covered with deep wa- 


ters; C its center; P, P its poles; A 


the equator; F any place without the 
equator ; F F the parallel of the place; 


D 4 the correſpondent parallel on the 


other 
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other ſide of the equator; L the place 

which the Moon poſleſs'd three hours 

before; H the place of the Earth di- 
rectly under it; h the oppoſite place; 
| K, & the places at 90 degrees diſtance; 

, Cy the greateſt heights of the Sea 

from the center of the Earth, and C K, C, 

| the leaſt heights : and if with the axes 

| Hb, K E, an ellipſe is deſcribed, and 

by the revolution of that ellipſe about 

| its longer axe H h, a ſpheroid H PK 

7e is formed; this ſpheroid will near 

| ly repreſent the figure of the Sea; and 

I CF, Cf, CD, C 4, will repreſent the 

figure of the Sea in the places F, f, D, 

4. But further, if in the ſaid revolution 

of the ellipſe any point N deſcribes the 


circle N M, cutting the parallels F /, 


D d in any places R, T, and the equa- 
— 6 PETRI tor 


2 — _- — . 
— — 


- 


tor AEinS; CN will repreſent the 
height of the Seca in all thoſe places, I 
R, 8, T, ſituated in this circle. Where. 
fore in the diurnal revolution of any 
place F, the greateſt flood will be in F, 1 
at the 34 hour after the appulſe of the 


rizon; and afterwards the greateſt ebb I 


huge and hemiſpherical floods, one in 
the hemiſphere K H C, on the north- F 
ſide, the other in the oppoſite hemil- | 
phere KH, which we may there. 
fore call the northern and the ſouth- 
ern floods. Theſe floods being always | 


turns to the meridians of all places after 


ſeeing the northern countries partake | 
more of the northern flood, and the 
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Moon to the meridian above the ho- 


in Q ar the zd hour after the ſetting 


of the Moon, and then the greateſt flood 


in 7, at the zd hour after the appulſe of 


the Moon to the meridian under the hori- ; 
20on, and laſtly the greateſt ebb in Q, Y 


at the zd hour after the riſing of the | | 


Moon ; and the latter flood in f, will 1 
be leſs than the preceding flood in F. 


For the whole Sca is divided into two 


oppoſite the one to the other, come by 


the interval of 12 lunar hours. And 


ſouthern countries more of the ſouth- 

ern flood, thence ariſe tides alternately} 
greater and leſs in all places without the 
equator, in which the luminaries ri 
es nod Botha. nar HE 


little while by their vis zn/ita, 
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and fer. Bur the greater tide will hap- 
| pen when the Moon declines towards 
the vertex of the place, about the 34 
bour after the appulſe of the Moon to 
che meridian above the horizon; and 
{ when the Moon changes its declinati- 
on, that which was the greater tide will 
be changed into a leſſer, and the great- 
eſt difference of the floods will fall out 
about the times of the ſolſtices, eſpecial- 
y if the aſcending node of the Moon is 

about the firſt of Aries. So the morn- 
ing tides in winter exceed thoſe of the 
evening, and the evening tides exceed 

F thoſe of the morning in ſummer; at 

| Þ Z!ymouth by the heighth of one foot, 

but at Briſtol by the heighth of 15 Inch- 

Jes, according to the obſervations of 
F Clepreſs and Sturmy. „„ 


Bur the motions which we have 


having once received, retain a 
| happen 
Whence it comes to paſs that 


ume, though the actions of the luminaries 
ſhould ceaſe. This power of retaining 
the impreſſed motion leſſens the diffe- 

rence of the alternate tides, and makes 
Eo: thoſe 


2 
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1 | been deſcribing ſuffer ſome That by the conſer- 
alteration from that force of 
reciprocation which the waters 


vation of the im- 
preſſed motion, the 
difference of the tides 
is diminiſhed : and 
that hence it 
that 
greateſt menſtrual 

% : tide will be the third 
the tides may continue for ſome after the 5. 


may 
the 


That the motions of 
the ſea may be re- 


ments in its chan- 
nels. 


a H E SYS * E M 
thoſe tides which immediately ſucceed 


after the ſyzygies greater, and thoſe 
which follow next after the quadratures 
lets. And hence it is that the alternate 


tides at Plymorh and Briſtol, do not dif. 


fer much more one from the other, than 
by the height of a foot or of Is 
inches, and thar the greateſt tides of ali 
at thoſe ports are not the firſt but the | 
third after the ſyzygies. ® 
And beſides all the motions are re- 

tarded in their paſſage through ſhallow Þ_ 
channels, ſo that the greateſt tides of 

all in ſome ſtreights and mouths of ri- | 


vers, are the fourth or even the fiftl 


. aten the f. Vzygies. 


11 may alſo happen that the great- 


the iflands Ca//iterides commonly / 


lings; then ſucceſſively at Falmouth, | 
P/ymonth, Portland, the ifle of Wight, | 


95 mncheſt er, Pavers the mouth of the 


Thani 1 | 


eſt tide may be the fourth or: fi 
fifth after the ſyzygies, or fall Þ_ 

tarded by impedi- Out yer later, becauſe the mo- | 3 
tions of the Sea are retarded in 
_ paſſing through ſhallow places 3 
towards the ſhores. For ſo the tide MW 
arrives at the weſtern coaſt of Ireland 
at the third lunar hour, and an hour or | 
two after, at the ports in the ſouth. 
ern coaſt of the ſame Iſland, as alfo : | 
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Thames, and London-Bridge, ſpending 


12 hours in this paſſage. But further 
the propagation of the tides may be ob- 
ſtructed even bythe channels of the ocean 


it ſel, when they are not of depth e- 
| nough; for the flood happens at the 


chird lunar hour in the Canary Iſlands, 
and at all thoſe weſtern coaſts that lie 
towards the Atlantic ocean, as of Trela ud, 


wr 9 


France, Spain, and all Africa to the 


cape of. Good-hope, except in ſome ſhal- 
$ low places, where it is impeded and falls 


out later; and in the ſtreights of Ga- 


| raltar, where by reafon of a motion pro- 


pagated from the Mediterranean Sea ir 
flows ſooner. But paſſing from thole 
coaſts over the breadth of the ocean to 


the coaſts of America, the flood arrives 


firſt at the moſt eaſtern ſhoars of Braſile, 
about the fourth or fifth lunar hour, then 


F at the mouth of the river of the Ama- 


Zons, at the 6th hour, but ar the neigh- 
bouring iſlands, at the 4th hour; after- 
wards at the iſlands of Bermudas at the 
7th hour, and at port St. Auguſtin in 
Florida at 755. And therefore the tide 


| is propagared through the ocean with a 


flower motion than it ſhould be accord- 
ing to the courſe of the Moon; and this 
retardation is very neceſſary, that the 
Sea at the ſune time may fall between 
Braſile and new France, and riſe at the 

bog ˙ Causa. 
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Canary Iſſands, and on the coaſts of n: 

Europe and Africa, and vice verſa. For tb 

the Sea cannot riſe in one place but by F w 

falling in another. And it is probable Þ tl 

that the Pacific Sea is agitated by the to 

ſame laws. For in the coaſts of Chi; te 

and Peru, the flood is ſaid to happen 1 A 

ar the zd lunar hour. But with what le 

velocity it is thence propagated to the Þ &: 

caſtern coaſts of Japan, the 1 0 

and other iſlands adjacent to China, I I Ii 

have not yet learned. m 

Fa KTHER it may happen, that the Þ » 

35 That ft om the impe- t1de may be propagated from m 

Wo Gigients of ehen che. ocean through different W m 
1 end fnoais, various BY 

J }'=romcoa do a- Channels towards the lame port, fl 

=EERS 0 whe les and may Paſs quicker through le 

[i „„ ſo e channels than through Þ h 
[ir Fyery 51. 0 m oh | ZE 

li PS o: hers, in which caſe the ſame tide, di- [Di 

3 vided into two or more ſucceeding one 1 o 

is another, may compound new motions W g 

"8 of different kinds. Let us ſuppoſe one tc 

. tide to be divided into two equal rides; W p 

[| i. the former whereof precedes the other p 

buy the ſpace of 6 hours; and happens W 

| at the zd or 27th hour of the appulſe tl 

is : of the Moon to the meridian of the port. x 

If the Moon at the time of this appulſe t! 

to the meridian was in the equator, every 7 

fix hours alternately there would ariſe N 


equal floods, w hich mecting with as ma. 


uy 
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ny equal ebbs, would ſo ballance one 
the other, that for that day the water 
would ſtagnate and remain quiet. If 


the Moon then declined from the equa- 


tor, the tides in the ocean would be al- 


F ternately greater and leſs as was ſaid. 
| And from thence two greater and two 
| leſſer tides would be alternately propa- 

cated towards that port. But the two 
greater floods would make the greateſt 
height of the waters to fall out in the 
middle time betwixt both, and the great- 


er and leſſer floods would make the 


waters to riſe to a mean height in the 
middle time between them, and in the 


middle time between the cwo leſſer 


floods the waters would riſe to their 


leaſt heighth. Thus in the ſpace of 24 
| hours, the waters would come, not twice 
but, once only to their greateſt, and once 


only to their leaſt height; and their 
BF greateſt height, if the Moon declined 
| & towards the elevated Pole, would hap- 
pen at the 6th or 3d hour after the ap- 
pulſe of the Moon to the meridian, and 
when the Moon changed its declination 


this flood would be changed into an ebb. 


Of all which we have an example in 


the port of Batſham, in the kingdom of 
unquin, in the latitude of 20%. 507 
north. In that port on the day which 
8 follows 
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follows after the paſſage of the Moon 


over the equator the waters ſtagnate : I} an 
When the Moon declines to the north, cut 
they begin to flow and ebb, not twice as ſtr 
in other parts, but once only every fre 
day, and the flood happens at the ſet- th. 
ting, and the greareſt ebb at the riſing th. 
of the Moon. This tide encreaſeth eg 
with the declination of the Moon, till th 
the 7th or 8th day, then for the 7thor th 
| 8th day following, it decreaſeth at the V 
ſame rate as it had increaſed before, and K. 
ceaſeth when the Moon changeth its de- -3 
clination. After which the flood is Þ ol 
immediately changed into an ebb; and } v 
thenceforth the ebb happens at the ſer. | e 
ting, and the flood at the riſing of the 1 E 
Moon; till the Moon again changes its p 
declination, There are two inlets from 1 

: the ocean to this port; one more direck © 
and ſhort between the iſland Hainan = 
and the coaſt of Quantung, a province r 
of China; the other round about be- 1 


tween the ſame iſland and the coaſt of 
Cochim And through the ſhorter pal- 


tage the tide is ſooner 8 to | | 
- Barham. : 
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IN the channels of rivers, the influx 
and reflux depends upon the 2 f 
That the times ofthe 
current of the rivers, which ob- des wichin the chan. 
ſtructs the ingreſs of the waters nel of rivers are 
from the Sea, and promotes 2 40 ä 
their egreſs to the Sea, making 
the ingreſs later and ſlower, and the 5 
egreſs looner and faſter. And hence it is, 

F that the reflux is of longer duratton than. 

dhe influx, eſpecially tar up the rivers, 
where the force of the Sea is l:\s. So 

| Sturmy tells us, that in the river Avon 
Z miles below Briſtol, the water flows 
| only 5 hours, but ebbs ſeven. And 
without doubt the difference is yet great- 

er above Briſtol, as at Careſham or the 

| Bath. This difference does likewiſe de- 
pend upon the quantity of the flux and 
teflux. For the more vehement motion 
of the Sea near the ſyzygies of the lu- 

F minaries more eaſily overcoming the 
reſiſtance of the rivers, will make the 
ingreſs of the water to happen ſooner 
and to continue longer, and will there- 
fore diminiſh this difference. But while 
the Moon is approaching to the ſyzy- 

| gies, the rivers will be more vlenrifally 
| filled, their currents being obſtructed by 
the greatneſs of the tides, and there- 
fore will ſomething more retard the re- 
flux of the Sca a little after, than a little 
before 
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before the ſyzygies. Upon which ac- 


count the ſloweſt tides of all will not 
happen in the ſyzygies, but prevent 


them a little. And 1 obſerved above, 
that the tides before the ly7.ygics were 
alſo retarded by the force of the Sun. 
And from both cauſes conjoined, the re- 
tardation of the tides will be both great. 

er and ſooner before the ſyzygies. All 1 
which I find to be ſo, by the tide- tables 


which Flamſteed has compoſed mom a $ 
great many « obſervations. 


By the laws we have been deſcribing, 
That the tides are 
greater in greater 
and deeper Seas; 


greater on the ſhores 


of continents than 
of iſlands in the mid. 


dle of the Sea; and 
yet greater in ſhallow 


bays that open with 
wWidde inlets to the Sea. 


the times of the tides are g0. 


verned. But the greatneſs of 
the tides depends upon the 
greatneſs of the Seas. Let C 
repreſent the center of the 


Earth, E A D B the oval fi- 


gure of the 8885 Cc A the long. 


er 
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er ſemiaxe of this oval, C B the ſhort- | 
er inſiſting at right angles upon the for- 
mer, D the middle point between A and 
B, and E CF or eCf the angle at the 
FF center of the Earth, ſubtended by the 
bdireadth of the Sea that terminates in the 
ſhores E, F; ore, F. 
that the point A is in the middle be- 
teen the points E, F, and the point D 
in the middle between the points e, F; 
if the difference of the heights C A, CB 


Now ſuppoſing 


F repreſent the quantity of the tide in a 


very deep Sea ſurrounding the whole 
F Earth; the exceſs of the height C A 
above 'the height CE or C F, will re- 
preſent the quantity of the ride in the 
middle of the Sea E F terminated by the 


on E, F: and the excels of the height 
Ce above the height C 5 will . 


repreſent the quantity of the tide on the 


ſhores of the ſame Sea. Whence it ap- 
pears that the tides are far leſs in the 


middle of the Sea, than at the ſhores; 


and that the tides at the ſhores are 


nearly as E F the breadth of the Sea, not 


exceeding a quadrantal arc. And hence 


it is that near the equator, where the 
Sea between Africa and America is nar- 


row, the tides are far leſs than towards 


either ſide in the temperate Zones, 


where the Seas: are extended wider, or on 


almoſt 
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almoſt ail the ſhores of the Pacific Sca, Bt 


as well towards America as towards 


Chinz, and within as well as without 
the tropicks; and that in iſlands in the 
middle of rhe fea they ſcarce riſe higher M. 
than 2 or 3 feet, but on the ſhores 
of great continents are 3 or 4 times 
greater and above, eſpecially if the mo- 
tions propagated from the ocean are by 
degrees contracted into a narrow ſpace, W 
and the water, to fill and empty thc 
bays alternately, is forced to flow and MW 
_ ebb with great violence through ſhallow W 
places; as at Plymouth and Chepſiow- Bſ 
Bridge in England, at the mount of MW 
St. Michael and town of Avranches in | 
Normandy, and at Cambaja and Pegs: MW 
in the Eaſt Indies. In which places, 
the ſea hurried in and out with great 
violence, ſometimes lays the ſhores un- 
der water, ſometimes leaves them diy 
for many miles. Nor is the force of 
the influx and efflux to be broke till it | 
has raiſed or depreſſed the water to | 
or 50 feet and more. Thus alſo long 
and ſhallow ſtreights that open to the | 
Tea with mouths wider and deeper than 
the reſt of their channel, (ſuch as thoſe 
about Britain, and the Magellanic 
Streights at the eaſtern entry) will have | 
a greater flood and ebb, or will more 


intend 
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SW intend and remit their courſe, and there- 
| fore will rife higher and be depreſſed 
lower. On the coatts of South Ame- 
rica, tis ſaid that the Paczfic Sea in its 
SF reflux ſometimes retreats two miles, and 
gets out of ſight of thoſe that ſtand on 
ſhoar. Whence in theſe places the 
foods will be alſo higher. But in 
" Bf deeper waters the velocity of influx and 
erfflux is always leſs, and therefore the 
' FF 2aſcent and deſcent is fo too. Nor in 
x uch places is the ocean known to a- 
V 


ſcend to more than 6, 8, or 10 feet. The 
quantity of the aſcent Icompure in the 
1 — manner. 


= Lex, Q repreſent. the Sun, 8 the 
I, : 

xt | * 
. 


| Earth, P the Moon, PAGB he 


equal to QS and QL toQK ons of, the moon 
. the duplicate. ratio of CK fompusd from the 


foregoing principles, 

to QP. Parallel to P'S draw NY BOnetpres 
LM; and ſuppoſing the mean quantity 
-. of 


Moon' s orbit. In Q take QK N Aiſturb 3 
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of the circum-ſolar force directed to. 
wards the Earth to be repreſented by | 

the diſtance QS or QK, QL will re. 
preſent the quantity thereof directed to. 


wards the Moon. But that force 3 


compounded of the parts QM, LM; 
of which the force LM, and that pan 
of Q MI which is repreſented by SM do 
diſturb the motion of the Moon (as 
is evident from mathematical realon- MF 
ing). In ſo far as the Earth and Moon MW 


are revolved about their common cen. 


ter of gravity, the Earth will be liable 
to the action of the like forces. But 
we may refer the ſums as well of the 
forces as of the motions to the Moon, 
and repreſent the ſums of the forces, by 
the lines SM and ML, which are pro- 
portional to them. The force LM, in 
its mean quantity, is to the force by 
which the Moon may be revolved in an 
orbit about the Earth quieſcent at the 


1 5 | diſtance P S, in the duplicate ratio of 


the Moon's periodic time about the 
Earth to the Earth's periodic time about 
the Sun, that is, in the duplicate ratio of 
27 d. 7 h. 43“. to 365 d. 6 b. gl, or as 1000 
to 178725, or 1 to 178 r. The force 
by which the Moon may be revolved 
about the Earth in reſt, at the diſtance! 
PS of 60; ſemi-diameters of the Earth, 
EO | 5 4s] 
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is to the force of gravity on the Earth's 
ſurface as 1 to 604 Xx O;; and therefore 
| the mean force ML is to the force of gra- 
vity as I to 605 X 604 X 178%; Whence 
the force SM will be allo given from the 
proportion of the lines SM, ML. And 
t theſe are the forces of the Sun, by which 
| the Moon's motions are diſturbed. = 


nW lr from the Moon's orbit we deſcend 

n. to the Earth's ſurface, thoſe Tue force of the Sun 
le forces will be diminiſhed in the to move the ſea 
u ratio of the diſtances 60 and <ompured. 
he 1; and therefore the force LM will 
then become 604 x 60x 178*; x 60 + 
mes leſs than the force ofgravity. But this 

0- force acting equally every where upon 

in W the Earth, will ſcarcely effect any change 

by on the motion of the Sea, and therefore 

n may be neglected in the explication of 

he that motion. The other force SM, in 

of places where the Sun is vertical or in 

W their nadir, is triple the quantity of the 

force ML, and therefore but 60? x 60 £ 

X 59 4% or 13184000 times leſs than the 


force of gravity. 


3 sor— 
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SupPOSE now ADBBE to repreſent 


The height of the the ſpherical ſurface of the | 
tide under the equa- Earth, a D E the ſurface of 


tor, ar:ſing from the 


force of the Sun, the water over ſpreading it, C 
cComputed the center of both, A the place 


to which the Sun is vertical, B the place 
oppoſite; D, E, places at 90 degrees 
diſtance from the former; ACEmlka 


right angled cylindric canal paſſing thro 


the Earth's center. I he force SM in any 


place is as the diſtance of the place from | 


the plain D E, on which a line from A 


to C inſiſts at right angles, and therefore 


in the part of the canal which is repre- 
ſented by EC m, is of no quantity; but 
in the other part ACI, is as the gra- 
15 POE" 'vity 


Py A, - py — <4 
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vity at the ſeveral heights. For in de- 


Earth, gravity is every where as the 

height. And therefore the force 8 * 
drawing the water upwards will dimi- 
| niſh its gravity in the leg ACI of the 
canal in a given ratio; upon which ac- 


count the water will aſcend in this leg, 


till its defect of gravity is ſupplyed by 


its greater height, nor will it reſt in an 


aquilibrium, eil its total gravity becomes 
gcqual to the total gravity in EC the 
other leg of the canal. Becauſe the gra- 
vity of « every particle is as its diſtance 


from the Earth's center, the weight of 


the whole watcr in either leg will in- 
creale in the duplicate ratio of the 
height; and therefore the height of the 
water in the leg ACI will de to the 
ö height thereof in the leg Cin E 


the ſubduplicate ratio of the ee 
| 13104001 to 13184000, or in the ratio 


| of the number 26374001 to 26374000, 


| and the height of che water in the leg 


EC Im to the difference of the heiglits, 


as 26374000 to 1. Bur the heighr 1 in 
the leg ECIm is of 19615843 3 Paris feet, 
a8 has been lately found by the men- 


ſuration of the Freuch. Aud therefore 
by the preceding analogy, the difference 


of the heights comes out 9 inches of 
G 2 the 


ſcending towards the center of the 
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the Paris foot ; and the Sun's force will C 
make the height of the Sea at A to ex- FF | 
ceed the height of the fame at Ebyg IF | 
FF, 

f 


inches. And though the water of the 
canal AC EMI, be ſuppoſed to be fro- 


zen into a hard and ſolid conſiſtence, It 

yet the heights thereof at A and E, t! 

and all other intermediate places would 3 

ſtill remain the ſame. e ” 

; „ 

Let Aa repreſent that exceſs of FF 
3 height of nine inches at A, and 1 4 
| rides under theparal- Þ F the exceſs of height at any * 
lels, ariſing from the Other place h; and upon DC t 
ted, my opus let fall the perpendicular FG, tt 
meeting the N of the Earth 14 

in 

r = 

le 

lu 

m 

FA 

pl 

th 

lc 

of 

Vt 

pl: 


in F. ad becauſe the 1 of che is 


Sun is ſo great that all the Eg lines | 
nt drawn 


% | # OW 00000000 


and is thence given. 
ſeveral moments of the apparent revo- 
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drawn thereto may be conſidered as 


parallel, the force SM in any place 
F, will be to the ſame force in the place 
A, as the fine FG to the radius AC. 


And therefore ſince thoſe forces tend to 
| the Sun in the direction of parallel lines, 

they will generate the parallel heights | 
F, Aa in the ſame ratio; and there- 
fore the figure of the water Dfaeb 
will be a ſpheroid made by the revolu- 


tion of an ellipſe about its longer axe 
ab. And the perpendicular height F 


will be to the oblique height Ff as f G 
to f C, or as FG to AC: and therefore 
the height f His to the height A @ in the 
1 duplicate ratio of FG to AC, that is, 
in the ratio of the verſed ſine of double 


the angle DCA to double the radius, 


lution of the Sun about the Earth, we 


may infer the proportion of the aſcent 


and deſcent of the waters at any given 


place under the equator, as well as of 


the diminution of that aſcent and de- 
ſcent, whether ariſing from the latitude 


of places or from the Sun's declination ; 
vis. That on account of the latitude of 
= places, the aſcent and deſcent of the ſea 
the 
nes 
WIL } 


is in all places diminiſhed in the dupli- 
G 23 cato 


And hence to the 


2 


35 , r E-.5Y 8-4 EM 
cate ratio of the co-ſines of latitude ; and 
on account of rhe Sun's declination, the 
aſcent and deicent under the equator is 
diminiſhed in the duplicate ratio of the 

co ſine of declination. And in places 
V ithout the equator, the halt {um of the 
morning and evening aſcents (that is, 
the mean aſcent) is diminithed nearly FF © 
in the lame tät. * 


LET S and L ee e 1 
l the forces of the Sun and Moon IF { 
the tides under the Placed in the equator, and at W © 
equator, in the . z - their mean diſlances from the 9 
gies and quadratures, Earth, 7 the radius, 7 and v the | P 

$4 


ariſin, J from the joint 


forces of both Sun verſed fines of double the com- 


and Moon, plements of the Sun and Moons ir 
dechinirians to any given time, D and N 
E the mean apparent diameters of the W 4 
Sun and Moon: and, ſuppoſing F and is 
G to be their apparent diameters ro that it 
given time, their forces to raiſe the | | tl 
tides under the equator will be, in the = 2: 
5 VG 3 f F 3 TE - | of 
lyzy pick 7 "ZE" L + 1277 8. in che | J 
. e VVV 
quadratures, TE! L— 57D? 8. 


And if the ſame ratio is likewiſe obler- | 

ved under the parallels, from obſerva- W qu 

tions accurately made in our northern IF © 
climates, = -- 


> OM — 2 tas #4 


E 


E 


| the lyzygies, and - 
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climates, we may determine the pro- 
portion of the forces L and 8 3 5 
by means of this rule predict the quan- 
tities of the tides to e lyzygy and 


quadrature. 


Ax the mouth of 1 river Avon, 


three miles below Briſlol, in 
ſpring aud autumn, the whole 


and then 


Yho: fares of 


the 
| : 5 Moon to excite tides, 
ö aſcent of the water in the con- and the bei, ght of the 


junction | or oppoſition of the Water thence ariſing 


computed. 
luminaries (by the obſervation mY 


| of Sturmy) is about 45 feet, but in the 
Becauſe the ap- 
parent diameters of the luminaries are 
not here determined, let us aſſume them 


quadratures only 25. 


in their mean quantities, as well as the 


| Moon's declination in the equinoctial 


quadratures, in its mean quantity, that 


is, 23:9; and the verſed ſine of double 
its complement will be 1682, ſuppoſing 


the radius to be 1000. Bur the decli- 
nations of the Sun in the equinoxes and 


of the Moon in the ſyzygies are of no 


quantity, and the verſed fines of dou- 


| ble the complements are each 2000, 


Whence thoſe forces become L + S in 
1662 _ 
—C wo in the 


F quadratures, celpeRively. proportional 
<0 the weights of the rides of 45 and 25 


G 4 feet, 
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feet, or of 9 and 5 paces. And there. 
fore multiply ing the extremes and the 


means we bave 5 L. ＋ 5S = => 1 

1000 

7 5 28000 g $ = - 5 br S. | 
5138 . 


But further, I ander to haye been 
told, that in ſummer the aſcent of the 


ſea in the ſyzygics, is to the aſcent 
= thereof i in the quadratures as about 5 to 
4. In the ſolſtices themſelves it is pro- 
| bable that the proportion may be ſome- F 
thing leſe, as about 6 to 5 N it 
would follow that L is = 54 S. [for 


| T7 1682 
5 then the proportion is * Fx 200 
S: Lens 1622 8 $2 6: J +: Till we can 
7. 2080 


more certainly e the propor | 
tion from obſervation, let us aſſume W 
ILS iS; and ſince the heights of 
the rides are as the forces which excite | 
them, and the force of the Sun is able 
to raiſe the tides to the height of nine | 
inches, the Moon's force will be ſuffi. 
cient to raiſe the ſame to the height of 
four feet. And if we allow that this | 
height may be doubled, or perhaps tri- Y 
1 by that force of reciprocation | 


which 


mY 2 22 ⁰2 


1 0 2 


18 
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which we obſerve in the motion of the 
waters, and by which their motion once 
begun is kept up for ſome time, there 

will be force enough to generate all that 


1 quantity of tides, Which we really find 
Z 


Tus we have ſeen that theſe forces 


are ſufficient to move the fea 
But. ſo far as I can obſerve, That thoſe forces of 

7 e e | the Sun and Moon 
they will not be able to pro- are ſcarce ſenſible by 


$ duce any other effect ſenſible ny other eſteck be. 
Cs :: 4 h Nl Foo Gros the ſide the tides which 
on our Earth. For ſince the they raiſe in the ſea. 


weight of one grain in 4000 


ss not ſenſible in the niceſt ballance; 


and the Sun's force to move the tides is 


13187000 leſs than the force of gra- 


vity ; and the ſum of the forces of both 
Moon and Sun, exceeding the Sun's 
force only in the ratio of 64 to 1, is ſtill. 
above 2000000 times leſs than the force 
of gravity; it is evident that both for- 


what is required ſenſibly to increaſe or 
diminiſh the weight of any body in a 
ballance. And therefore they will not 
ſenſibly move any ſuſpended body; nor 
will they produce any ſenſible effect 


on pendulums, barometers, bodies ſwim- 


ming in ſtagnant water, or in the like 
ſtatical experiments. In the atmoſphere _ 


_— 
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indeed they will excite. ſuch a flux and 


reflux as they do in the fea, but with 


o {mall a motion that no ſenſible Wind 


will be thence produced. 


+ the effects of both Moon 


That the body of the and Sun in raiſing the tides, 48 


Moon isabout 56 times 


more denfe than the. Well as Their apparent diameters 
body of the Sun. were equal among themſelves, 


| their abſolute forces would be 
2s their magnitudes. But the effect 


of the Moon is to the effect of the Sun 
as about 57 to 1 ; and the Moon's dia- 


meter lels than the Sun's in the ratio of 


314 to 32: or of 45 to 46. Now the 

force of the Moon is to be increaſed in | 
the ratio of the effect directly, and in 
the triplicate ratio of the diameter in- 
verſely. Whence the force of the Moon 
compared with its magnitude will be to 
the force of the Sun compared with its 
ae in the ratio compounded of 


53 to I, and the triplicate of 45 to 46 


| inverſely, that is, in the ratio of about 57; 
to 1. And therefore the Moon in re- 


ſpect of the magnirude of its body, has 


an ablolute centripetal force greater than 
the Sun in reſpect of the magnitade of 
its body, in the ratio of 57; to 1, and | 
is therefore more denſe in the lame ra- 

tio. | 


Is 


ad. 


— am, A537 


ters of the Sun from the Sun's 


of the Sun to be 32! 
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In the time of 27 d. 7 h. 4". in which 
che Moon makes its revolarich 
about the Earth, a Planet may 
be revolved about the Sun at 
the diſtance of 18,95 4 diame- 


That the Moon is 
more derſe than the 
Earth in a ratio of a- 
bout 3 tO 2, | 
center, 
ſuppoſing the mean apparent diameter 
And in the 
ame time the Moon may be revolved 
about the Earth at reſt, at the diſtance 
of 30 of the Earth's diameters. If in 
both caſes the number of d ameters was 
the ſame, rhe abſolute circum-terreſtrial 
force would be to the abſolute circum- 
ſolar force as the magnitude of che Earth 
to the magnitude of the Sun. Becauſe 
the number of the Earth's diameters is 
greater in the ratio of 30 to 18,95 4, the 
body of the Earth will be leſs in the tri- 
plicate of that ratio, that is, in the ra- 
tio of 335 to 1. Wherefore the Earth's 
force, for the magnitude of its body, is 


co the Sun's force, for the magnitude 1 


its body, as 323; to 1, and conſequently 
the Earth's denſity to the Sun's will be 
in the ſame ratio. Since then the Moon' 5 
denſity is to the Sun's denſity as 5 7 
to 1, the Moon's ny will be to the 
Earth's denſity as 57 to 3 47, or as 23 
to 16. Wherefore ſince the Moon's 


magnitude is to the Earth's magnirude 


as 


92 


of "oo diſtance of 
the fixed Stars. 
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as about 1 to 415, the Moon's abſolute 


centripetal force will be to the Earth's | 
abſolute centripetal force as about I to 
29, and the quantity of matter in the 
Moon to the quantity of matter in the 
Earth in the fame ratio. And hence 
the common center of gravity of the | 
Earth and Moon is more exactly deter- 
| mined than hitherto has been done. 
From the knowledge of which we may 
now infer the Moon's diſtance from the 
Earth with greater accuracy. But! 
would rather wait till the proportion of 
the bodies of the Moon and Earth one | 
to the other is more exactly defined 
from the phænomena of the tides, hop- 
ing that in the mean time the circumife. 
rence of the Earth may be meaſured 
from more diſtant ſtations than any bo- 
dy has yet employed: for this Purpoſe. 


Tavs I have given an account of | 
the ſyſtem of the Planets. As to 
the fixed Stars, the ſmallneſs 
of their annual parallax proves 
them to be remoyed to immenſe diſtan- | 
ces from the ſyſtem of the Planets. | 
Thar this parallax is leſs than one mi- 
nute is moſt certain; and from thence | 
it follows that the diſtance of the fixed 
Stars i is above 180 times greater than the 
diſtance 
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diſtance of Saturn from the Sun. Such 
S Jas reckon the Earth one of the Planets 
9 


and the Sun one of the fixed Stars, may 
remove the fixed Stars to yet greater 
e diſtances by the following arguments. 
from the annual motion of the Earth 
chere would happen an apparent tranſ- 
'- F poſition of the fixed Stars, one in re- 
©. ſpect of another, almoſt equal to their 
) F double parallax. But the greater and 
FF ncarer Stars, in reſpect of the more re- 


| mote which are only ſeen by the tele- 


of ſcope, have not hitherto been obſerved 
eto have the leaſt motion. If we ſhould 
ſuppoſe that motion to be bur leſs than 
20/7, the diſtance of the nearer fixed 
Stars would exceed the mean diſtance of 


T Saturn by above 1000 times. Again, 


1 


21100000000 


ſpherical ſurface of the orbit of Saturn, 
Now if we ſuppoſe Saturn .to reflect a- 


will be about 
„„ 400000000... _— 
light emitted from the Sun's hemi- 
CC ſphere. 


the diſc of Saturn, which is only 17. 
or 18“. in diameter, receives but about 


—— of the Sun's light. For ſo | 


much leſs is that diſc than the whole 


bout 3 of this light, the whole light re- 
ſlected from its illuminated hemiſphere 


of the whole 


— — — 
n S2 
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ſphere. And therefore ſince light is 1a. 


refied in the duplicate ratio of the dif. 


tance from the luminous body, if the 
Sun was 100004 times more diſtant | 
than Saturn, it would yet appear as lu- 


Cid, as Saturn now does without its ring, 


that is, ſomething more lucid than a fix- 
ed Star of the firſt magnitude. Let us 
therefore ſuppoſe that the diſtance from 
which the Sun would fhine as a fixed 
Star exceeds that of Saturn by about | 
10000 times, and its apparent diameter 
will be 7. 16". and its parallax ariſing 
from the annual motion of the Earth 
'13””. And lo great will be the diſtance, Y 
the apparent diameter, and the parallax, Þ 
of the fixed Stars of the firſt magnitude 
in bulk and light equal to our Sun. 
Some may perhaps imagine that a great 
part of the light of the fixed Stars is in- 
tercepted and loſt in its paſſage through WW 
ſo vaſt ſpaces, and upon that account | 
pretend to place the fixed Stars at near- 
er diſtances. But at this rate the remo- 
ter Stars could be ſcarce ſeen. Suppoſe 
for example that ; of the light periſh in 
its paſſage from the neareſt fixed Stars 
to us, and 3 will twice periſh in its paſ- 
ſage through a double ſpace, thrice thro' 
a triple, and ſo forth. And therefore the | 
fixed Stars that are at a double diſtance 


will 


ther ſenſibly, nor be attracted \ivble ie u, 

by our Sun. But the Comets veater than Jupiter. | 
muſt unavoidably be added on 
by the circum-ſolar force. For 
as the Comets were placed by aſtrono- 
mers above the Moon becauſe they 
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will be 16 times more obſcure, VIS. 
times more obſcure on account of the 
diminiſhed apparent diameter ; and a- 
again, 4 times more on account of the 
Inſt light. And by the ſame argument, 


the fixed Stars at a triple diſtance, will 
be 9 x 4x 4 or 144 times more obſcure, 
and thoſe at a quadruple diſtance will 
be 16 4X 4X 4 or 1024 times more 
obſcure. But fo great a diminution of 
F light is no ways conſiſtent with the phæ- 

nomena and with that hypotheſis which 


| ow the fixed Stars at different diſtan- ; 
Fc. 


"Tax fixed Stars being therefore at 


WW fach vaſt diſtances from one , 
| another, can neither attract each That the Comets as 


often as they become 
are 


Proved' from their 
pred in longitude. 


were found to have no diurnal parallax ; . 


ſo their annual parallax is a convincing 


proof of their deſcending into the regi- 
ons of the Planets. For all the Comets 
Which move 1n a direct courle, accord- 
ing to the order of the ſigns, about the 
end of their appearance become _ 
than 


- — 


96 


OF THE SYSTEM 


than ordinarily flow, or retrograde, if | 
the Earth is between them and the Sun; 
and more than ordinarily ſwift, if the 
Earth is approaching to a heliocentric Y 
_ oppoſition with them. Whereas on the 
other hand, thoſe which move againſt F 
the order of the ſigns towards the end 
of their appearance, appear ſwifter than I 
they ought to be if the Earth is between 
them and the Sun; and flower, and per. 
| haps retrograde, if the Earth is in the 
other ſide of its orbit. This is occaſi. 
_ oned by the motion of the Earth in dif. | 
ferent ſituations. If the Earth go the 
fame way with the Comet, with a ſwift. 
er motion, the Comet becomes retro. 
grade; if with a ſlower motion, the Co. 
met becomes ſlower however; and if! 
the Earth move the contrary way, it be-} 
comes {wifter. And by collecting the 
differences between the ſlower and 
ſwifter motions, and the ſums of the 
more ſwift and of the retrograde moti- 
ons, and comparing them with the ſitu-· 
ation and motion of the Earth from 
whence they ariſe, I found, by means 
of this parallax, that the diſtances of the 
Comets at the time they ceaſe to be viſ- 
ble to the naked eye, is always leſs than 
the diſtance of Saturn; and generally 


even leſs than the diſtance of Jupiter. 
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Tu ſame thing may be collected 

from the curvature of the way +, (pv proved 

of the Comets, Theſe bodies from their parallax 

F 20 on nearly in great circles —_— 
| while their motion continues ſwift ; but 

about the end of their courſe, when that 

F part of their apparent motion, which a- 

| riſes from the parallax, bears a greatcr 

proportion to their whole apparent mo- 

non, they commonly deviate from thoſe _ 

circles; and when the Earth goes to one 

# fide, they deviate to the other. And 

S$ this deflexion, becauſe of its correſpond- 

ing with the motion of the Earth, muſt 

ariſe chiefly from the parallax ; and the 

quantity thereof is fo conſiderable, as 

by my compuration, to place the dil- 

appearing Comets a good deal lower 

than Jupiter. Whence it follows, that 

when they approach nearer to us in their 

perigees and perihelions, they often de- 

ſcend below the orbits of Mars and the 

inferiour Planets” _ „ 


© — 


MoRE OVER, this nearneſs of the 
Comets is confirmed by the an- +; 


e ſame prove} 


nual parallax of the orbit, in ſo otherwiſe by the pa. Wil 
far as the fame is pretty nearly OO | | 
collected by the ſuppoſition that the 10 
Comets move uniformly in right lines. 1 


The method of collecting the diſtance 
F lads 564 
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of a Comet according to this hy pothe- 
ſis from four obleryations, (firſt at. 
tempted by Kepler, and perfected by | 
Dr. Wallis and Sir Chriſt. I ren) is well 
known. And the Comets reduced to I 
this regularity generally pats through | 
the middle of the planetary region. So 

the Comets of the years 1607 and 1615 
as their motions are defined by Kepler, } 
| paſſed between the Sun and the Earth; 
that of the year 1664 below the orbit of 

Mars; and that in 1680 below the orbit 

of Mercury, as its motion was defined 

by Sir Chrift. J/ren and others. By 2 

like rectilinear hypotheſis, Hevelius 
placed all the Comets about which we 
have any obſervations, below the orbit 
of Jupiter. Tis a falſe notion therefore, 
and contrary to aſtronomical calculation, 

which ſome have entertained, who from 

the regular motion of the Comets, either 
remove them into the regions of the 
fixed Stars, or deny the motion of the 
Earth; whereas their motions cannot be 

reduced to perfect regularity, unleſs we 
ſuppoſe them to paſs through the re- 
gions near the Earth in motion. And 
theſe are the arguments drawn from the 
parallax, fo far as it can be determined 
Without an exact knowledge of the or- 

bits and motions of the Comets. | 


Tas 


further confirmed from the light 


of their heads. For the light of Comets heads it is 
a ccleſtial body, illuminated by proved that they de- 


ſcend to the orbit of 
the Sun, and receding to re- Saturn, Jupiter, and 


mote parts, is diminiſhed in the en of che Harth. 
quadruplicate proportion of the diſtance, 
to wit, in one duplicate proportion on 
account of the increaſe of the diſtance 
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Tur near approach of the Comets is 


from the Sun ; and in another duplicate 
proportion, on account of the decreaſe 


of the apparent diameter. Hence it may 
be inferred, that Saturn being at a dou- 
ble diſtance, and having irs apparent 
diameter nearly half of that of Jupiter, 
muſt appear about 16 times more obſcure ; 


and that if its diſtance were 4 times 


greater, its light would be 256 times 
leſs; and therefore would be hardly per- 


ceivable to the naked eye. But now the 


Comets often equal Saturn's light, with- 
our exceeding him in their apparent 


diameters. So the Comet of the year 


1678, according to Dr. Hook's obſerva- 
tions, equalled in brightneſs the light of 


a fixed Star of the firſt magnitude, and 


its head, or the Star in the middle of the 
coma, appeared, through a teleſcope of 
15 foot, as lucid as Saturn near the hori- 

zon. But the diameter of the head was 
only 25 that is, almoſt the ſame with 


H > -..* "the 


by: 


From the tion ofthe 
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the diameter of a circle equal to Saturn 
and his ring. The coma or hair fur- 
rounding the head was about ten times 
as broad; namely, 43 min. Again, the 
leaſt diameter of the hair of the Comet 
of the year 1682, obſerved by Mr. Flam- 
fleed with a tube of 16 foot, and meaſu- 
red with the micrometer, was 2“. O“. 
But the nucleus, or ſtar in the middle, 
ſcarce poſſeſſed the tenth part of this 
breadth, and was therefore only 11/7. or 


15 12% broad. But the light and clearneſs 


in the ring. 


of its head exceeded that of the year 
1680, and was equal to that of the Stars 
of the firſt or ſecond magnitude. More- 
over, the Comet of the year 1665 in 
April, as Hevelius informs us, exceed- 
ed almoſt all the fixed Stars in ſplendor; 
and even Saturn it ſelf, as being of a 
much more vivid colour, 
met was more lucid than that which ap- 
peared at the end of the foregoing year, 
and was compared to the Stars of the 


firſt magnitude. The diameter of the 


coma was about 6/ but the nucleus, 
compared with the Planets by means of 
a teleſcope, was plainly leſs than Jupiter, 
and was ſometimes thought leſs, ſome- 
times equal to, the body of Saturn with- 
To this breadth add that 
of the ring, and the whole face of Sa- 
„ 


For this Co- 
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turn will be twice as great as that of the 
Comet, with a light not at all more in- 
tenſe: and therefore the Comet was 
nearer to the Sun than Saturn. From 


the proportion of the nucleus to the 


whole head found by theſe obſervations, 


and from its breadth, which ſeldom ex- 


ceeds & or 12/, it appears that the Stars 
' of the Comets are moſt commonly of 


the ſame apparent magnitude as the 


Planets ; bur that their light may be 
compared oftentimes with that of Sa- 
turn, and ſometimes excceds it. And 
hence tis certain that in their perihelia 
their diſtances can ſcarce be greater than 
that of Saturn. At twice that diſtance, 
the light would be four times leſs, which 
beſides by its dim paleneſs would be as 
much inferiour to the light of Saturn, as 


the light of Saturn is to the ſplendour of 


Jupiter. But this difference would be 
8 obſerved. At a diſtance ten times 


greater their bodies muſt be greater than 


that of the Sun; but their light would 


be 100 times fainter than that of Saturn. 


And at diſtances ſtill greater their bodies 
would far exceed the Sun: but being in 
ſuch dark regions, they muſt be no Jon- 


ger viſible. So impoſſible is it to place 
the Comets in the middle regions be- 
tween the Sun and fixed Sears, account- 
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ing the Sun as one of the fixed Stars. 
For certainly they would receive no 


more light there from the Sun, than we 


do from the greateſt of the fixed Stars. 
So far we have gone without conſider- 
ing that obſcuration which Comets ſuf- 
fer from that plenty of thick ſmoak F © 
mit 


which encompaſſeth their heads, and 


through which the heads always ſhew | 
dull as through a cloud. For by how 
much the more a body is obſcured bj 
this ſmoak, by ſo much the more near 


it muſt be allowed to come to the Sun; 


that it may vie with the Planets in 
the quantity of light which it reflects, 
to t 


O 


Whence it is probable that the Comets 

deſcend far below rhe orbit of Saturn, as 
we proved before from their parallax. IF 

But above all, the thing is evinced from 
their tails, which muſt be owing either 
to the Sun's light reflected from a ſmoak FF 
ariſing from them and diſperſing it ſelf FF 
through the ther, or to the lights of 
OE TE. 

Lui 
de! 
the 9 
Dr. 4 


their own heads. 


In the former caſe we muſt ſhorten 
the diſtance of the Comets, leaſt we be 


obliged to allow that the ſmoak ariſing 


from their heads is propagated through 

ſach a vaſt extent of ſpace, and with | 
ſuch a velocity of expanſion as will 
ſeem altogether incredible. In the Jat- 
e = Kh | ter 
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ter caſe the whole light of both head 


and tail muſt be aſcribed to the central 
nucleus. But then if we ſuppoſe all this 


light to be united and condenſed within 


the diſc of the nucleus, certainly the 
nucleus will by far exceed Jupiter it 
ſelf in 1plendour, eſpecially when it e- 
mits a very large and lucid tail. If 
therefore under a leſs apparent diameter 
it reflects more light, it muſt be much 
more illuminated by the Sun, and there- 
fore much nearer to it. So the Comet 
| that appeared Dec. 12. and 15. O. F. 
| Anno 1679, at the time it emitted a very 
thining tail, whoſe ſplendour was equal 
to that of many Stars like Jupiter if their 
light were dilated and ſpread through 
o great a ſpace, was, as to the magni- 
tude of its nucleus, leſs than Jupiter, "(as 
Mr. Flamſteed obſerved) and therefore 
was much nearer to the Sun. Nay, it 
was even leſs than Mercury. For on 
s the r7th of that month when it was 
S ncarer to the Earth, it appeared to Ca/- 
ſini through a teleſcope of 35 foot a lit- 
tle leſs than the globe of Saturn. On 
the 8th of this month, in the morning, 
Dr. Halley ſaw the tail, appearing broad 
and very ſhort, and as if it role from the 
body of the Sun it ſelf, at that time 
Very: near its riſing. Its form was like 
HE: that 
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the Sun. 


its breadth of 2 deg. 
8 what the light of the whole muſt be. 
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that of an extraordinary bright cloud; 


nor did it diſappear till the Sun it ſelf 


began to be ſeen above the horizon. Its 
: ſplendour therefore exceeded the light 
of the clouds till the Sun roſe, and far 


ſurpaſſed that of all the Stars together, 


8 yielding only to the immediate bright. 
neſs of the Sun it {elf Neither Mercu- 
ry, nor Venus, nor the Moon it ſelf 

are ſeen ſo near the riſing Sun. Imagine 
all this dilated light collected together, 


and to be crouded into the orbit 


of the Comet's nucleus which was | 
leſs than Mercury ; by its ſplendour | 

thus increaſed, becoming ſo much more 
conſpicuous, it will. vaſtly exceed Mer- 


cury, and therefore muſt be nearer to 


ſhining in a wonderful manner. From 
its length, which was 40 or 50 deg, and 


Tris | 


On the 12th and 15th of 
the ſame month this tail extending it 
felt over a much greater ſpace, appeared 1 

more rare; but irs light was ſtill fo vi- 

gorous as to become viſible when the 

fixed Stars were hardly to be ſeen, and 
ſoon after to appear like a fiery beam 


ve may compute | 
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T H1s near approach of the Comets 
to the Sun is confirmed from Fc e ror 


the ſituation they arc 1ccl in tom the © emracrdi: 
when their tails appear moſt re- nary ſplzndour of 


ſplendent. For when the head are near the Sqm. > : 
paſſes by the Sun and lies hid — 
under the ſolar rays, very bright and 
ſhining rails like fiery beams are ſaid to 
| iſſue from the horizon; but afterwards 
| when the head begins to appear, and is 
got farther from the Sun, that ſplendour 
always decreaſes and turns by degrees 
into a paleneſs, like to that of the milky 
way, but much more ſenſible at firſt; 
after that vaniſhing gradually. Such was 
that moſt reſplendent Comer deſcribed. Wee (| 
by Ariſtotle, Lib. 1. Meteor. 6. The + 
© head thereof could not be ſeen 8 | 1 
sit ſer before the Sun, or at leaſt was hig 
under the Sun's rays; but the next day e 
eit was ſeen as well as might be; for ha- l 
ving left the Sun but a very little way it n fl 
ſet immediately after it. And the ſcat- N f 
tered light of the head obſcured by the 1 | 
too great ſplendour (of the tail) did not 
yet appear. But afterwards (ſays Ari. 
5 Hot le) when the ſplendour of the tail 
was now diminiſhed, (the head of) the 
Comet recovered its native brightneſs. 
And the ſplendour of its tail reached 
now to a third part of the heavens' (that 
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is to 602) 1 appeared in the winter 


ſeaſon, and rifing to Or ion's Girdle, 


© there vaniſhed away.” Two Comets of 
the fame kind are deſcribed by Fuſtin, 
lib. 37. which according to his account 
« ſhined ſo bright that the whole heaven 
ſeemed to be on fire; and by their great. 
nes filled up a fourth part of the hca- | 
« vens, and by their ſplendour exceeded 
that of the Sun,” By which laſt wordsa | 
near poſition of theſe bright Comets and 
the riſing or ſetting Sun is intimated. | 
We may add to theſe the Comet of the 


year 1101 or 1106, the ſtar of which 


was ſmall and obſcure (like that of 1680) 
but the ſplendour ariſing from it ex- 
tremely bright, reaching like a fiery 


© heam to the Eaſt and North, as Heve- 


ius has it from Simeon the monk of | 
It appeared at the beginning 


of February about the ev ening in the 


ſouth- weſt. From this and from the ſi. 
tuation of the tail we may infer that the 
head was near the Sun. Matthew Paris | 
lays, it was about one cubit from the 
dun; from the third' [or rather the 
fixth] «to the ninth hour ſending out a 


© long ſtream of light” The Comet of 


1264 in July, or about the ſolſtice, pre- 

"odd the riſing Sun, ſending out its 
beams with a great light rowards us | 
We | 


welt. 
And 
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OF THE WORLD. 
weſt as far as the middle of the heavens. 
And at the beginning it aſcended a little 


above the horizon; but as the Sun went 


forwards it retired every day farther 


from the horizon, till it paſſed by the 
very middle of the heayens. It is ſaid 
to have been at the beginning large and 
bright, having a large coma, which de- 
cayed from day to day. Ir is deſcribed 


in Append. Matth. Pariſ. Hiſt. Ang. 


after this manner. An. Chriſti 1265. 
there appeared a Comet ſo wonderful, 


that none then living had ever (een the 


like. For riſing from the eaſt with a 
great brightneſs, it extended it ſelf with 


*a great light as far as the middle of the 


* hemiſphere towards the weſt.” The La- 
tin original being ſome what barbarous 
and obſcure, it is here ſubjoined. Ab 


oriente enim cum magno fulgore ſur- 


gens, uſque ad medium hemiſphærii 


verſus occidentem, omnia perluciae per- 
trahebat. In the year 1401 or 1402, 
the Sun being got below the horizon, 


there appeared in the weſt a bright and 
!nining Comet ſending out a tail upwards 
in ſplendour like a flame of fire, and in 
torm like a ſpear, darting its rays from 
weſt to eaſt, When the Sun was ſunk 


below the horizon, by the luſtre of its 


OWn rays. it enlightned all the borders 


of 
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of the Earth, not permitting the other 
Stars to ſhew their light, or the ſhades 
of night to darken the air, becauſe its 
light exceeded that of the others, and 
extended it ſelf to the upper part of the 
| heavens, Sc. Hiſt. Byzant. Duc. Mich. 
Nepot. From the ſituation of the tail 
of this Comet, and the time of its firſt 
8 br a/i/ 
F in the 
F and ſc 


appearance, we may infer that the head 
was then near the Sun, and went farther 


from him every day. For that Comet 
continued three months. In the year 

1527, Aug. II. about four in the morn- | 

ing, there was ſeen almoſt rhroughour 
Europe, a terrible Comet in Leo, which 
continued flaming an hour and a quar- | 
ter every day. It roſe from the caſt, | 
and aſcended to the ſouth and welt to a | 
prodigious length. It was moſt conlpi- 


cuous to the north, and its cloud (that 


is its tail) was very terrible; having, 
according to the fancies of the vulgar, | 
the form of an arm a little bent, holding 


a {word of a vaſt magnitude. In the 


year 1618, in the end of November, 


there began a rumour, that there appear- 


ed about Sun rifing a bright beam, which 
was the tail of a Comet, whole head was 
as yet concealed within the brightneſs 
of the ſolar rays. On Nov. 24. and from 


that time the comet it ſelf appeared with 
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a bright light, its head and tail being 
extremely reſplendent. The length of 
the tail, which was at firſt 20 or 30 
deg. increaſed till December 9. when it 
aroſe to 75 deg. but with a light much 
more fainr and dilute than at the begin- 
ning. In the year 1668, March 5. 
NV. F. P. Valeut. Eftancius being in 
Braſile, ſaw a comet near the horizon 
in the ſouth-weſt. Its head was ſmall, 
and ſcarce diſcernible, but its tail ex- 
tremely bright and refulgent, ſo that the 
reflexion of it from the ſea was eaſily 
ſeen by thoſe who ſtood upon the ſhore. 
This great pagan laſted but three 
© days, decreaſing very remarkably from 
that time. The tail at the beginning 
extended it ſelf from welt to ſouth, and 
in a ſiruation almoſt parallel to the ho- 
Iron, appearing like a ſhining beam 23 
Neg. in length. Afterwards the light de- 
caſing, its magnitude increaſed Till the 
omet ceaſed to be viſible. So that 
aſſini at Bologna ſaw it (Mar. T9. IT. 
:.) riſing from the horizon 32 deg. in 
ength. In Portugal it is ſaid to Eve 
ken up a fourth part of the heavens, 
that is, 45 deg.) extending it ſelf from 
reſt to eaſt with a notable brightneſs ; 
hough the whole of it was not ſeen, be- 
aſe the head i in this part of the world 
always | 
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always lay hid below the horizon. From by 
the increaſe of the tail it is plain that Y %s 
the head receded from the Sun, and was firſt 
neareſt to it at the beginning when the date, 
rail appeared brighteſt. J win 
| To all theſe we may add the coma & fron 
of 1680, whote wonderful ſplendour at Y cont 
the conjunction of the head with the 
Sun was above deſcribed. But ſo great I 8&'ccs 
a ſplendour argues the comets of this val © 
kind to have really paſſed near the foun-Y 2 th 
tain of light; eſpecially ſince the tail; from 
never ſhine ſo much in their oppoſition} ith 
to the Sun; nor do we read that fiery! Heve 
beams have ever appeared there. be ce 
LAS TIL, the ſame thing is inferred Peare- 
| The ſame proved from the light of the heads in- tear 
trom the light of creaſing in the receſs of the co- bour t 
een dere. mets from the Earth towards SUN, | 
when they come near the Sun, and decreaſing in their Wards 
te the Sun. return from the Sun toward <cclar: 
the Earth. For fo the laſt comet of th of tim 
year 1665, (by the obſervation of Hz the Su 
velius) from the time that it was fi wichſt. 
ſeen was always loſing of its apparel Larth, 
motion, and therefore had already pal about 
fed its perigee, yet the ſplendour of it of the 
head was daily increaſing, till being hi] me n 
by the Sun's rays, the comet ccaled greateſ! 
then in 


appear. The Comer of the year a 
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by the obſervation of the ſame Heve- 


from that time its diurnal motion was 
continually upon the increaſe till Sep- 


tember 4. when it aroſe to about 5 de- 
grees. And therefore in all this inter- 
val of time the Comet was approaching 
to the Earth. Which is likewiſe proved 
from the diameter of its head meaſured 
| with a micrometer. For Auguſt the 6th 
Hevelius found it only 6/. 5 i . including 
| the coma ; which . 2. he obſer- 
ved /. 7 5%, And therefore its head ap- 
peared far leſs about the beginning than 
towards the end of its motion, though a- 
bout the beginning, becaule nearer — the 


Sun, it appeared far more lucid than to- 
wards the end, as the fame Hevelius 


of time, on account of its receſs from 
the Sun, it decreaſed in ſplendour, not- 


about the middle of December, and that 
of the year 1680, about the end of the 
lame month, did both move with their 
greateſt velocity, and were therefore 
then in their perigees. But the greateſt 

ſplen- 


ius) about the end of Fuly, when it 
firſt appeared, moved at a very flow 
rate, advancing only about 40 or 45 
minutes in its orbit in a day's time. Bur 


ceclares. Wherefore in all this interval 


withſtanding its acceſs towards the 
Earth. The comet of the year 1618, 
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ſplendour of their heads was ſeen two | 
weeks before when they had juſt gor | 
clear of the Sun's rays. And the great. 
eſt ſplendour of their rails a little more 
_ early, when yet nearer to the Sun. The 
head of the former Comet, according to 
the obſervations of Cy/atus, Dec. 1. 
appeared greater than the Stars of the 
firſt magnitude, but in the ſplendour 
and brightneſs of its light, a great deal. 
Jau. 7. Kepler being uncertain about 
the head, left off obſerving. Dec. 12. 
the head of the laſt Comet was ſeen and 
obſerved by Flamſteed at the diſtance of 
9 9 degrees from the Sun; which a Stat 
of the third magnitude could hardly 
have been. December 15 and 17, the 
ſame appeared like a Star of the third | 
magnitude, its ſplendour being diminilh- | 
ed by the bright clouds near the ſetting | 
Sun. Dec. 26. when it moved with the 
greateſt ſwiftneſs, and was almoſt in its 
perigee, it was inferiour to Os Pegaj,| 
a Star of the third magnitude. Fay. 3. it 
appeared like a Star of the fourth. Jan. 9. 
like a Star of the fifth. 
peared by reaſon of the brightneſs of the 
Moon which was then in its increaſe. 
Fan. 25. it was ſcarce equal to the Stars} 
of the ſeyenth magnitude. If we tak} 
equal times on each hand of the perigee, 


the 


Jan. 13. it dilap- 
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the heads placed at remote diſtances 


would have ſhined equally before and 


after, becauſe of their equal diſtances 


from the Earth. That in one caſe they 


ſnined very bright, and in the other 
vaniſhed, is to be aſcribed to the ncar- 
neſs of the Sun in the firſt caſe, and his 
diſtance in the other. And from the 
great difference of the light in theſe two 
caſes, we infer its great nearneſs in the 
firſt of them. For the light of the Co- 
mets uſes to be regular, and to appear 
greateſt when their heads move the 
ſwifteſt, and are therefore in their peri- 


gees; excepting in ſo far as it is increa- 
led by their nearneſs to the Sun. 


| FRoM theſe things I at laſt diſcover- 
ed why the Comets frequent fo 
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much the region of the Sun. If by the great number 


they were to be ſeen in the re- of Comets ſeen in 


gions a great way beyond Sa- 


turn, they muſt appear oftner in thoſe 
parts of the heavens that are oppoſite to 


the Sun. For thoſe which are in that ſi- 
tuation would be nearer to the Earth; 

and the interpoſition of the Sun would 
obſcure the others. But looking over 


the niſtory of Comets, I find that four 
or five times more have been ſeen in the 
hemiſphere toward the Sun, than in the 
1 oppoſite 


the region of the Sun. 
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oppoſite hemiſphere ; beſides, without 
doubt, not a few which have been hid 
by the light of the Sun. For Comets 
deſcending into our parts neither cmit Y 
| tails, nor are ſo well illuminated by the 
Sun as to diſcover themſelves to our Þ 
naked eyes, till they are come nearer to 
us than Jupiter. But the far greater F 
part of thit ſpherical ſpace, which is de- 
ſcribed about the Sun with ſo ſmall an 
interval, lies on that fide of the Earth 
which regards the Sun, and the Comets 
in that greater part are more ſtrongly il. F_ 
laminated as being for the moſt part 
| nearer to the Sun. Beſides, from the 
remarkable eccentricity of their orbits 
it comes to pals that their lower apſides 
are much nearer to the Sun than if their | 
_ revolutions were performed in circles | 
conceatric to the Sm. 


Hex x alſo we underſtand why the 
This alſo confirmed, Tails of the Comets, while theit 
by the greater mag- heads are deſcending towards | 


nitude and ſplendour 


of the rails after the the Sun, always appear ſhort 
conjunction of the and rare, and are ſeldom ſaid to 
© have exceeded 15 or 20 deg. in 
length; but in the receſs. of the heads | 
from the Sun often ſhine like fiery beams, 
and ſoon after reach to 40, 50, 60, 70 

deg. in length, or more. This great 

FC o Lee PB EL ſplendout 


heads with the Sun, 
than before. 
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ſplendour and length of the tails ariſes 
from the heat which the Sun communi- 
cates to the Comet as it paſſes near it. 
And thence I think it may be concluded 
that all the Comets that have had ſuch 
tails have paſſed very near the Sun. 


Hexcs alſo we may collect that 


the tails ariſe from the atmoſ- 


pheres of the heads. But we Tbat he ade write 


from the atmoſpheres _ 


| have had three ſeveral opinions «cf the Comets. 
about the tails of Comets. For 

| ſome will have it, that they are nothing 

elſe but the beams of che Sun's light 

tranſmitted through the Comets heads, 
which they ſuppoſe to be tranſparent : 
others, that they proceed from the re- 
traction which light ſuffers in paſſing 
from the Comets head to the earth : and 
laſtly, others, that they are a ſort of 
clouds or vapour conſtantly riſing from 
the Comets heads, and tending towards 
the parts oppoſite to the Sun. The 
firſt is the opinion of ſuch as are yet un- 
acquainted with opticks. For the beams 
of the Sun are not ſeen in a darkned 
room, but in conſequence of the light 
that is reflected from them, by the little 
particles of duſt and ſmoak which are al- 
ways flying about in the air. And 

hence | it is, that in air impregnated with 
12 th! ck 
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thick ſmoak they appear with greater 
brightneſs, and are more faintly and 
more difficultly ſeen in a finer air. But 
in the heavens, where there is no mat- 
ter to reflect the light they are not to 
be ſeen at all. Light is not ſeen as it is 
in the beams, but as it is thence reflec- 
ted to our eyes. For viſion is not made 
but by rays falling upon the eyes; and 
therefore there muſt be ſome reflecting 
matter in thoſe parts where the tails of 
Comets are ſeen; and ſo the argument 
turns upon the third opinion. For that 
reflecting matter can be no where found 
but in the place of the tail, becauſe 
otherwiſe, ſince all the celeſtial ſpaces 
are equally illuminated by the Sun's FF 
light, no part of the heavens could ap- 
pear with more ſplendour than another. 
The ſecond opinion is liable to many 


difficulties. The tails of Comets are nc- 


ver ſeen variegated with thoſe colours, 
which ever uſe to be inſeparable from 
refraction. And the diſtin tranſmiſſion 
of the light of the fixed Stars and Pla- 
nets to us, is a demonſtration that the 


æther or celeſtial medium is not endow- 


ed with any refractive power. For as 
to what is alledged that the fixed Stars 
have been ſometimes ſeen by the Eg 
tians, environed with a coma or capil- 


litium, 
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litium, becauſe that has but rarely hap- 


| pened, it is rather to be aſcribed to a 
' caſual refraction of clouds, as well as 


the radiation and ſcintillation of the fix- 


ed Stars to the refractions both of the 
eyes ard air. For upon applying a tele- 


| ſcope to the eye, thoſe radiations and 


ſcintillations immediately diſappear. By 


the tremulous agitation of the air and 


aſcending vapours it happens that the 


rays of light are alternately turned aſide 
from the narrow ſpace of the pupil of 

F the eye; but no ſuch thing can have 
palace in the much wider aperture of the 
object-glaſs of a teleſcope. And hence 
itt is, that a ſcintillation is occaſioned 
in the former caſe, which ceaſes in the 
latter. And this ceſſation in the latter 
$ calc is a demonſtration of the regular 
| tranſmiſſion of light through rhe hea- 


vens without any ſenſible refraction. 


But to obviate an objection that may be 
made from the appearing of no tail in 


ſuch Comets as ſhine but with a faint 
light, as if the ſecondary rays were then 


too weak to affect the eyes, and for this 
reaſon it is that the tails of the fixed 


Stars do not appear; we are to con- 


ſider, that by the means of teleſcopes 
the light of the fixed Stars may be aug- 
mented above an hundred fold, and yet 
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no fails are ſeen. That the light of the 
Planets is yet more copious without 


any tail, but that Comets arc {cen ſome- 
rimes with huge tails, when the light of 


their heads is but faint and dull. For ſo 
it happened in the Comet of the year 


1680, when in the month of December 


ir was ſcarcely equal in light to the 

Stars of the ſecond magnitude, and yet 
emitted a notable tail, extending to the 
length of 40?, 50?, 602, or 709, and 


upwards ; and afterwards on the 27th 
and 28th of January, when the head 
appeared but as a Star of the 7th mag- 
nitude; but the tail, (as was ſaid above) 
with a light that was ſenſible enough 
though faint, was ſtretched out to 60 F 
7 degrees in length, and with a languith-. 


ing light, that was more difficultly ſeen, 
even to 129. and upwards. But on the 
gth and 1oth of February, when to the 
naked eye the head appeared no more 
through a teleſcope, I viewcd the tail of 


29. in length. But further, if the tail 


was owing to the refraction of the ce- 


leſtial matter, and did deviate from the I} 
oppoſition of the Sun, accor ding = 


the figure of the heavens requires; 
that deviation, in the ſame places of the 
heavens, ſhould be always directed to- 
wards the ſame parts. But the Comet 

e 2 . 1 
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of the year 1580 Dec. 28 d. 81 b. P. M. 
at London was ſeen in e 29. 41“ with 
latitude north 28% 6 /. while the Sun 
was in v$ 18 . 26/7. And the Comet of 
the year 1577, December 29, was in 
X 89. 41/. with latitude north 289. 40. 
and the Sun as before in about 189. 260. 
In both caſes the ſituation of the Earth 
Was the ſame, and the Comet appeared 
in the ſame place of the heavens; yet 
in the former caſe the tail of the Comet 
(as well by my obſervations as by 
the obſervations of others) deviated 
from the oppoſition of the Sun to- 
Wards the north by an angle of 4+ de- 
grees, whereas in the latter there was 
(according to the obſervation of Tycho) 
a deviation of 21 degrees towards the 
ſouth. The refraction therefore of the 
heavens being thus diſproved, it remains 
that the phænomena of the tails of Co- 
mets muſt be derived from ſome reflect- 
ing matter. That vapours ſufficient to 
fill ſuch immenſe ſpaces may ariſe from 
the Comets atmoſpheres, may be eaſily 
underſtood by what follows. 


TE 
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. It is well known that the air near the 

That the air and va. ſurface of our Earth poſſeſſes a 

pour in the celeſtial ſpace about 1200 times greater 


ſpaces is of an im- 


mee rarity: and than water of the ſame weight. 


dat a ſmall quantity And therefore a cylindric co- 
Ar. en n lumn of air 1200 feet high, is 
the phenomena of of equal weight with a cylin- 
the rails of Comets. der of water of the ſame breadth 
and but one foot high. But a cylinder 

of air reaching to the top of the at- 
moſphere is of equal weight with a 


cylinder of water about 33 foot high; 


and therefore if from rhe whole cylin- | 


der of air, the lower part of 1200 foot 
high is taken away, the remaining up- 


per part will be of equal weight with 2 


Cylinder of water 32 foot high. Where- 


fore at the height of 1200 feet or two I 
g furlongs, the weight of the incumbent air 
is leſs, and conſequently the rarity of F 
the compreſſed air greater than near the 
ſurface of the Earth in the ratio of 33 to | 

32. And having this ratio, we may | 

compure the rarity of the air in all 
places whatſoever, ſuppoſing the expan- | 

ſion thereof to be reciprocally propor- | 
tional to its compreſſion ; and this pro- | 


portion has been proved by the experi. 


ments of Hook and others. The reſult 


of the computation I have ſet down in 


the plowing table, in the firſt _— 
SIG: 


Inf 
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of which you have the height of the air 
in miles whereof 4000 make a {cmi-dia- 
meter of the Earth; in the ſecond the 


compreſſion of the air, or the incumbent 
weight; in the third its rarity or ex 
panſion, ſuppoſing gravity to decreaſe 


in the duplicate ratio of the diſtances 


from the Earth's center. And the Latin 


numeral characters are here uſed for cer- 
tain numbers of ciphers, as O, xvii 1224 


for O, 000000000000000001224, and | 


26956Xxy for 26956000000000000000, 


„„ 


| Height. : Compreſſion. 5 : Expanſion, 
4 ©[33 OLE „ 
[ $in7,05 15-4 28466 


40000 | o, cxcii 1628 20263 clxxxix 
400900 | o, cx 7895 41798 ccvii 
4000000 | O,B ccxii 987833414 ccix 


But from this table it appears that the 
air, in proceeding upwards, is rarified in 


ſuch manner, that a ſphere of that air 


which 


rol 96977 | arr 
20 2,652 A F 
40 0,2525 136,83 
400 O, xvii 1224 [26956 xy 
4000 o,ev 4465 [73907 ci || 


Infinite. o, ccxii 604154622 ccix | 
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| which is neareſt to the Earth of but one 


inch in diameter, if dilated with an e- 
qual rarefaction with that of the air at 


the height of ten ſemidiameters of the 
Earth, would fill up more ſpace than is 
contained in the whole heavens on this 
fide the fixed Stars, according to the 

preceding compuration of their diſtance. 


And though by reaſon of the far grea- 


ter thickneſs of the atmoſpheres of Co- 


mets, and the great quantity of the cir- F 
cum-lolar centripetal force it may hap- 


pen that the air in the celeſtial ſpaces, | 
and in the tails of Comets, is not ſo 


vaſtly rarified ; yet from this computa- F 
tion it is plain, that a very {mall quan- | 
tity of air and vapour is abundantly ſuffi- F 


cient to produce all the appearances of 
the rails of Comets. For that they are in- 


deed ofa very notable rarity appears from 
the ſhining of the Stars through them. The 
at moſ here of the Earth, illuminated by 
the Suv's light, though but of a few 


miles in thickneſs, obſcures and extin- 
guiſhes the light, not only of all the 
Stars, but even of the Moon it ſelf; 


whereas the ſmalleſt Stars are ſeen to 
ſhine through the immenſe thickneſs of 


the tails of Comets, likewiſe illuminated 
by the Sun, without the leaſt diminution 
of their ſplendour, : 


KEPLER 


OF-FHE WUOURLD. 
KETTLER aſcribes the aſcent of 
| the tails 01 Comets to the at- 5 
e 03s, 2 ON 45 | LS fter what manner 
their d reCtion towards the parts may ariſe from the 
$ oppoſite to ie 110, to the ac- atmoſpheres of their 


8 9 8 35 heads. 
tion of the rays of light, car- 


rying along with them the matter of the 


Comets tails. And without any great 
incongruity we may ſuppoſe that, in ſo 
| free ſpaces, ſo fine a matter as that of 
the Ether may yield to the action of 
the rays of the Sun's light, though thoſe. 
$ rays are not able ſenſibly to move the 


$ groſs ſubſtances in our parts, which are 
$ clogged with ſo palpable a reſiſtauce. 
Another author thinks that there may be 


a ſort of particles of matter endowed with 


a principle of levity as well as others are 


with a power of gravity; that the 

matter of the tails of Comets may be of 
che former ſort, and that its aſcent from 
the Sun may be owing to its levity. 


But conſidering the gravity of terreſtial 
bodies is as the matter of the bodies, 


and therefore can be neither more nor 
leſs in the ſame quantity of matter, I 


am inclined to believe that this aſcent 


| may rather proceed from the rarefaction 
of the matter of the Comets tails. The 
| aſcent of ſmoak in a chimney is owing 


to the impulſe of the air, with whic 


it 
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That the tails do in- 
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it is entangled. The air rarified by heat 
aſcends, becauſe its ſpecifick gravity is 


_ diminiſhed, and in its aſcent carries a- 
long with it the ſmoak with which it is 
ingaged. And why may not the tail of 
a Comet riſe from the Sun after the ſame F 
manner? For the Sun's rays do not at FI 
any way upon the mediums which they 
per vade, but by reflection and retrac- 
tion. And thoſe reflecting particles 
heated by this action, heat the matter of 
the Ether which is involved with them. 
That matter is rarcfied by the heat 
Which it acquires, and becauſe by this 1. 
rarefaction the ſpecifick gravity, with Ji eſ 
which it tended towards the Sun before, 


is diminiſhed, it will aſcend therefrom 


like a ſtream, and carry along with it 


the reflecting particles of which the tail 
of the comet is compoſed; the impulſe 
of the Sun's light, as we have ſaid, 


promoting the aſcent. 


Bor that the tails of Comets do ariſ 
5 from their heads and tend to- 


deed ariſe fromthole Wards the parts oppoſite to the 
atmoſpheres, proved Sun, iS further confirmed from 


from ſeveral of their 
phenomena, 


the laws which the tails ob- 
ſerve. For lying in the plains 
of the Comets orbit which paſs through 
the Sun, they conſtantly deviate from 
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the oppoſition of the Sun, towards the 
parts which the Comets heads in their 
progrels along thoſe orbits have left. 


And to a ſpectator placed in thoſe 
| plains, they appear in the parts di- 
tectly oppoſite to the Sun. Bur as the 


ſpectator recedes from thoſe plains, 
their deviation begins to appear, and 
daily becomes greater. And the devi- 


ation cæteris paribus appears leſs, when 


the tail is more oblique to the orbit of 
the Comet, as well as when the head of 


the Comet approaches nearer to the 


un; eſpecially if the angle of deviation 


is eſtimated near the head of the Comet. | 


# Farther, the tails which have no devia- 


— 48 


tion appear ſtreight, but the tails which 
deviate are likewiſe bended into a cer- 

tain curvature. And this curyature is 
| greater when the deviation is greater ; 
and is more ſenſible when the tail cæte- 
is paribus is longer for in the ſhort- 
er tails the cuwwarure is hardly to be 


perceived. And the angle of deviation 


is leſs near the Comet's head, but greater 
towards the other end of the tail, and 
that becauſe the lower ſide of the tail 


regards the parts from which the devia- 
tion is made, and which lie in a right 


line, drawn out infinitely from the Sun 


through the Comet's head. And the 


tails that are longer and broader, and 


ſhine 


and vapour muſt 
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ſhine with a ſtronger light, appear more 
reſplendent and more exactly defined on 
the convex than on the concave ſide. F 
Upon which accounts it is plain that F 


the phænomena of the tails of Comets 


depend upon the motions of their heads, 
and by no means upon the places of the 
| heavens in which their heads are ſeen, 
and that therefore the tails of the Co- Y 
mets do not proceed from the retraction | 
of the heayens, but from their own F 
heads, which furniſh the matter that 
forms the tail. For as in our air the F 
ſmoak of a heated body aſcends either 
_ perpendicularly if the body is at reſt, or | 
obliquely, if the body is moved oblique- 
ly; fo in the heavens where all the bo. 
dies gravitate towards the Sun, ſmoak 
anc (as we have already | 
aid) aſcend from the Sun, and either 
riſe perpendicularly if the ſmoaking 
body is at reſt, or obliquely if the body, 
in the progreis of its motion, is al- 


ways leaving thoſe places from which 


the upper or higher parts of the vapours 
had riſen before. And that obliquity will 
be leſs, where the vapour aſcends with 
more velocity, to wit, near the ſmoał- 
ing body when that is near the Sun. 
For there the force of the Sun by which 
the vapour aſcends is ſtronger. But be- 
cauſe the obliquity is varied, the e 
8 


$ ſomething more recent, that is, has a- 


OF THE WORLD. 
of vapour will be incurvated ; and be- 
cauſe the vapour in the preceding fide is 


ſcended ſomething more lately from the 


body, it will therefore be ſomething. 
more denſe on that fide, and muſt on 

that account reflect more light as wel! 

the vapour on the 


other ſide languiſhing by . and 
N out of ſight. 


as be better defined; 


0 r it is none of our preſent bufineſs 


do explain the cauſes of the ap- 


| pearances of nature. 


things which we have laſt ſaid below the orbit of 


be true or falſe, we have at leaſt Mercury , 
from their t tai 


made out in the preceding diſ- 


courſe, that the rays of light are direct: 


ly propagated from the tails of Comets 


in right lines through the heavens, in 
which thoſe tails appear to the ſpecta- 
and conſe- 
quently the tails muſt aſcend from the 


tors where ever placed; 


heads of the comets towards the parts 
oppoſite to the Sun. 


of their diſtances in manner following. 


Let S repreſent the Sun, T the Earth, 
STA the elongation of a Comet from 


the Sun, and AT'B the apparent length 
of its tail. 


propagated from the extremity of the 
8 tail 


That Comets 
Let thoſe ſometimes 


And from this 
principle we may determine the limits 


And becauſe the light is 
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tail in the direction of the right line | 


TB, that extremity muſt lie ſomewhere | 
in the line TB. Suppoſe it in D, and join 


DS cutting TA in C. Then becauſe 


the tail is always ſtretched out towards 
the parts nearly oppoſite to the Sun; 
and therefore the Sun, the head of the 
Comet, and the extremity of the tail lie 
ina right line, the Comet's head will be 
found i in C. Parallel to TB draw SA; | 


5 meeting the line TA in A, and the Co-| 
met's head C muſt neceſſarily be found | 
between T and A; becauſe the extre- 
mity of the rail lies {ſomewhere in the 


infinite line TB, and all the lines SD 
which can poſſibly be drawn from the 
point S to the line TB, muſt cut the 


line Ta fomew here between T and A. 


Where · 
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Wherefore the diſtance of the Comet 


from the Earth cannot exceed the inter- 
val TA, nor its diltance from the Sun 


the interval SA beyond, or ST on this 


ſide, the Sun. For inſtance, the elonga- 
tion of the Comet of 1680 from the Sun 
Dec. 12. was 9, and the length of its 
tail 359. at leaſt. If therefore a triangle 
TSA is made whoſe angle T is equal to 
the elongation 9e. and angle A cqual to 


ATB or to the length of the tail, 278. 


35. then SA will be to SJ, that is, the 
line of the greateſt poſſible diſtance of 
the Comet from the Sun, to the ſemi- 
diameter of the orbis magnus, as the 
{ine of the angle T to the fine of the an- 
gle A, that is, as about 3 to 11. And 
therefore the Comet at that time was 
leſs diſtant from the Sun than by gr of 
the Earth's diſtance from the ſame, and 
conſequently either was within the orbit 
of Mercury, ot between that orbit and 
the Earth. Again, Dec. 21. the elon- 


gation of the Comet from the Sun was 
325 and the length of its tail 709. 
Wherefore as the ſine of 3226 ro the 

ſine of 70e, that is, as 4 to 7, lo was the 


limit of the Comet's diſtance from the 


dun to the diſtance of the Earth from 
the Sun, and conſequently the Comer 

bad not then got without the orbit of 
K Venus. 


I 


9 
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Venus. Dec. 28. the elongation of the 
Comet from the Sun was 559. and the 


length of its tail 569, And therefore the 


limit of the Comet's diſtance from the 
Sun was not yet equal to the diſtance of 


the Earth from the ſame, and conſe. 


quently the Comet had not then got 


without the Earth's orbit. But from its 
greſs from the 


parallax we find that its eg 


orbit happened about Jar. 5. as well as 


that it had deſcended far within the or- | 


bit of Mercury. Let us ſuppoſe it to 

have been in its perihelion Dec. the 8th | 
when it was in conjunction with the 
Sun, and it will follow that in the jour- Y 
ney from its perihelion to its exit our 
of the Earth's orbit, it had ſpent 28 MF. 
+ - and conſequently that in the 26 
or 27 days following, in which it ceaſed | 
to be further {een by the naked eye, it | 
had ſcarce doubled its diſtance from the 
Sun. And by limiting the diſtances of | 


other Comets by the like arguments we 


come at laſt to this concluſion, That all 
Comets during the time in which they 


are viſible by us, are within the com- 


| Pals of a ſpherical ſpace deſcribed about 
the Sun as a center, with a radius dou- 
ble, or at moſt triple of the diſtance of 
the Earth from the Sun. 


AD 
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AN p hence it follows that t 
mets, during the whole time of 
their appearance unto us, being 


| within the ſphere of activity of 


the circum- ſolar force, and there- 
fore agitated by the impulle of 


that force, will (for the ſame 


reaſon as the Planets) be made 
to move in conic ſections that 


he Cos 


That the Comets 
move in conic-lec- 
tions, having One o- 


cus in the center of 


the Sun, and by | 
radi! drawn to that 
center do deſcribe 
area's proportional 
to the umes. 


have one focus in the center of the Sun, 


and, by radii drawn to the Sun, 


to de- 


ſcribe arca's proportional to the times. 


For that force is propagated to an im- 


maenſe diſtance, and will g govern the mo- 


3 rions of bodies tar beyond the orbit E 


Saturn. 


Turns are three hypotheſes about 


| Comets. For ſome will have 
it that they are generated and 


periſh, as often "as they ap- 


That thoſe conic- 
ſet ons are near to 
| paraoula's, „ proved 


from the velocity oft 
the Comets, 


pear and vaniſh; others that 
they come from the regions of the fix- 
ed Stars, and are ſeen by us in their 

paſſage through the ſyſtem of our Pla- 

| nets; and laſtly, others that they are 
bodies perpetually revolving abour the 
Sun in very eccentric orbits. In the 
firſt caſe, the Comets, according to their 
different velocities, will move in conic 
ſections of all forts ; in the ſecond they 
. EL ">. WL. 
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will deſcribe hyperbola's, and in either 
of the two will frequent indifferently 
all quarters of the heavens as well 


thoſe about the poles as thole towards 


the Ecliptic ; in the third their motions | 
will be performed in ellipſes very ec- 
ccntric and very nearly approaching to 
parabola's. But (if the law of the Pla- 
nets is obſerved) their orbits will not 
much decline from the plain of the E- Y 
_ cliptic. And ſo far as I cœuld hitherto | 

_ oblerve the third caſe obtains. For the 
Comets do indeed chiefly frequent the 
zodiac and ſcarce ever attain to a helio- 


centric latitude of 40% And that they 


move in orbits very nearly parabolical, 
I infer from their velocity. For the ve- F 
locity with which a parabola is deſcri- 
bed, is every where to the velocity with | 
which a Comet or Planet may be reyol- 
ved about the Sun in a circle at the 
tame diſtance, in the ſubduplicate ratio 
of 2 to 1. And by my computation the 
velocity of Comets is found to be much 
about the ſame. I examined the thing 
by inferring nearly the velocities from 
the diſtances, and the diſtances both 
trom the parallaxes and the phznomena | 
of the tails, and never found the errours 
of exceſs or defect in the velocitics 
greater than what might have aroſe from 


the 


the errours in the diſtances collected 


after that manner. 


Bur J likewiſe made 


uſe of the rcaloning that follows. 


8 U Pp p o SING the lies of the orbis : 


; magnus to be divided into 1000 
parts: Let the numbers in the time Comets deſeri- 
S firſt column of the following 

table repreſent the diſtance of the ſphere of the or- 


parts: 


bing parabolic tra- 


jectories paſs through 


the vertex of the parabola from bis mgaus. 
the Sun's center, expreſſed by thoſe 
parts; and a Comet in the times ex- 
preſſed in Col. 2. will paſs from its pe- 

rihelion to the ſurface of the ſphere 


S which is deſcribed about the Sun as a 


Z center with the radius of the orbis mag» 
nus; and in the times expreſſed in Col. 
3, 4, and 5. it will double, triple, and 
| quadruple that its diſtance from the 


Sun. 5 


* 


T 5 ] 


In what ſpace. of 


my w—_— 


0 rn „„ 


| iter. 
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— 


The dif 


(tance of 


a Co met's 
periheſion 
from the 


; 


Sun's Cen- 


1 2560 


8 


ad on. HS... A. ad 


The time «of a Comet s paſlage from its pe- 


— — 


5 | 
the rad, iy To its * 
| of the or- double. |] 
bis mag. ; 1 
4 4. „. 
27 11 12 77 16 28 
27 16 „„ 
127 210078 06 24 
28 06 40 78 20 13 
2961327923 33 
30 13 26 [ $2 04 56 
33 05 29 86 10 2 
37 1346 93 233 
37 09 49 f 10501 28 
106 C6 35 


rihelion to a diſtance ſrom the Sun equal to 


4 <6; 


1 


144 03 19 


1 5 3 16 08 


142 17 14 


= 


22108 54 


e 1 
To its | To its 
triple. 


| quadruple, A 


g — 5 


„ 


219 17 30 


232 12 19 


31297 03 46 


300 0603 


(This table, here corredted, is made on the ſuppoſition 
that the Earth's diurnal motion is juſt 59. and the 
| meaſure of one minute looſely o, 2909, in reſpect of 


the radius 1000. 


If thoſe meaſures are taken true, 


the true numbers cf the table will all come out baſe 
But the difference, even when oreateſt, and to the 
quadruple of the Earth's diſtance from the Sun, 2. 
mounts — to 164, 1 
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OF 
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Tat time of a Comet's in- 
greſs into the ſphere of the or- 
bis magnus, or of its egreſs from 
the ſame may be interred ncar- 

| ly from its parallax, but with more ex- 
3 . by the n 


— 


7 


[The apparent 
[elongation of 
la Comet from 
_ [the Sun. 


Taps: M-- 

5 Its Aae from | 
Its apparent diur- Toke Earth in parts, 
nal motion 1n its | whereof the radius 
own orbit, | of the orbis mag-ſ 

nus contains 10co, | 

Direct [Retroo. | 

2* 18! [20% 20 | 1090 

2 38 % 35 845 

e $5400 $7: 684 

„ 907 0 09 | 618 
1 23 0 29 551 | 
3 43 45 434 

4 10 %% 12. 4. -. ©-.416- | 
4 47 % 49 | 347 
5 45 o 47 | 278 
DS 18 05 20 209 

16 27 o 19 140 

1 37 i 8 pp 
Infinite Infinite 1 00 


. ingrels af 1 Car into the 


ſphere of the orbis magnus, or 

its egreſs from the ſame happens 
at the time of its elongation 
from the Sun expreſſed in Col. 
1. againſt its diurnal motion. 


magnus. 


K 4 


So. 
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At what time Comets 
enter into and paſs 
out of the ſphere of 

the orbis magnus, 


Wich FER velocity 
the Comets of 1680 
| Paſſed through the 

ſphere of the orbis 


1 
1 
10 
CL 
] 
| | q ; 
1 
4+. £48 
if + 
| | 1 
1 * ö 
144 i; 
11 (1 
16 8:5 
? , 
18 1 
11 
1 
! : 
* 
i + 
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So in the Comet of 1681, Jan. 4. O. 5. 
the apparent diurnal motion in its orbit 
was about ze. 05”, and the correſpond- 
ing elongation 712% And the Comet 
had acquired this elongation from the 
Sun Jan. 4. about ſix in the morning. 
Again in the year 1680, November 11. 
the diurnal motion of the Comet that 
then appeared, was about 4. and the 
correſponding elongation 79 happened 
Nov. 10. a little before mid- night. Now 
at the times named theſe Comets had 
arrived at an equal diſtance from the 
Sun with the Earth, and the Earth was 
then almoſt in its perihelion. But the 
firſt table is fitted to the Earth's mean 
diſtance from the Sun aſſumed of 1000 


parts; and this diſtance is greater by 


ſuch an exceſs of ſpace as the Earth | 
: might deſcribe, by its annual motion, | 
in one days time, or the Comet, by its 
motion, in 16 hours. To reduce the 
Comet to this mean diſtance of 100 KF 
parts. we add thoſe 16 hours to the for- 
mer time and ſubduct them from the 


latter; and thus the former becomes 


Jau. 4d. 10h. after noon, the latter | 
| Nov. 10. about ſix in the morning. But 
from the tenour and progreſs of the di- 
urnal motions it appears that both Co- 
mets were in conjunction with the Sun 
between 
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between Dec. 7. and Dec. 8. And 
from thence to Jan. 4d. 10Þ, afternoon. 
on one ſide, and to Nov. 10 d. Gb. of the 
morning on the other, there are about 
28 days. And ſo many days (by Ta- 
ble x.) the motions in parabolic trajec- 


tories do require. 


Bur though we have hitherto con- 
| ſidered thoſe Comets as two, 
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vet from the coincidence of That theſe were not 


| : * | two, but one and 
their perihelions and agreement the ſame Comet. In 


ble, that in effect they were but 


of their velocities, it is proba- what orbit and with 
2 what velocity this 
Comet was carried 


one and the ſame. And if ſo, e. h * heavens | 
the orbit of this Comet muſt rr. 


: 7 b actly. 
have either been a parabola or 


9 * fy 


at leaſt a conic ſection very little differ- 
ing from a parabola, and at its vertex 
$S almoſt in contact with the ſurface of the 
Sun. For by Tab. 2. the diſtance of the 
Comet from the Earth Nov. 10. was a- 
bout 360 parts, and Jan. 4. about 630. 
| From which diſtances, together with its 
longitudes and latitudes, we infer the diſ- 

| tance of the places in which the Comet 
$ was at thoſe times, to have been about 

| 280: the half of which, vig. 140 is an 


ordinate to the Comet's orbit, cutting 


off a portion of its axe nearly equal to 


the radius of the orbis magnus, that is to 
Mie TY 2 n 


? 
J 
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1000 parts And therefore dividing the 
ſquare of the ordinate 140 by 100 the 
{c2ment of the axe, we find the latus re- 


ctum 19, 16, or in a round number 20. 
The fourth part whereof 5 is the dif- | 
_ tance of the vertex of the orbit from 
the Sun's center. But the time corre 
ſponding to the diſtance of 5 parts in 
7a 1 is 25% 16. , In which time, 
if the Comet moved in a parabolic or- 
bit, it would have been carried from 
its perihelion to the ſurface of the 
ſphere ot the orbis magnus deſcribed 
with the radius 1yco, and would have 
tTpent the double of that time, vir. 


$5+. 83+. in the whole courſe of its mo- 
tion within that ſphere: And ſo in fact FF. 
it did. For from Nov. 10d. 6h. of the | 
morning, the time of the Comet's in- 
grets into the ſphere of the orbis magnus, 
to Jau. . Ich. after noon, the time of | 
its cgreis from the ſame, there are 55%. | 
166. The ſmall difference of 74 . in 
this rude way of computing is to be 
neglected, and perhaps may ariſe from 
the Comet's motion being ſome ſmall 


matter ſlower, as it muſt have been if 


the true orbit in which it was carried 
Was an ellipſe. The middle time be- 
tween its ingreſs and egreſs was De. 
cember da. 02", of the morning. And 


_ there» 
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therefore at this time the comet ought 
to have been in its perihelion. And ac- 
cordingly that very day, juſt before Sun I 
rifing, Dr. [alley (as we ſaid) law the "2 
tail thort and broad, but very bright 4 
riſing perpendicularly from the horizon. „ | 
From the poſition of the tail, it is cer- = 
| tain that the Comet had then croſſed > 
| over the Ecliptic, and got into north- e 1 
latitude, and therefore had paſſed by its 
perihelion which lay on the other fide — it 
of the Ecliptic, though it had not yet | 18 
come into conjunction with the Sun. 
| And the Comet, being at this time be- 
tween its perihclion and its conjunction 
with the Sun, muſt have been in its peri- 
helion a few hours before. For in fo 
near a diſtance from the Sun ir mult 41 
have been carried with great velocity,  _ = 
and have apparently deſcribed almoſt i 
half a degree eyery hour. VVV!!! 


- C 2 4 
, 19 
| s P 
41 | 4 
4 
1 
l x $ 
' ; ; 
+4 
4 3:1 
4 
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4 
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By like computations 1604 that the 
Comet of 1618 entered the in bat velocity 
ſphere of the orbis magnus De- Comets are carried, 1 
cember 7. towards Sun - ſetting, pra ee Exe 1 

But its conjunction with the r= VVT 
Sun was Nov. 9, or 10, about 28 days in- Bi 
teryening, as in the preceding Comet. W 
For from the ſize of the tail of this, in Bil 
which it was equal to the preceding, it 1 
. is 
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is probable that this Comet likewiſe did 
come almoſt into a contact with the 


Sun. Four Comets were ſeen that year, 


of which this was the laſt. The ſecond, 


which made its firſt appearance Ofo- 


ber 31. in the neighbourhood of the ri- 
ſing Sun, and was ſoon after hid under 


the Sun's rays, I ſufpe&t to have been 


the ſame with the fourth, which emer- 
ged out of the Sun's rays about Nov. 9. 
Jo theſe we may add the Comet of 
1607, which entered the ſphere of the 
orbis magnus dep. 14. O. S. and arrived 
at its perihelion - diſtance from the Sun 
about Offober 19, 35 days intervening. FF 
Its perihelion-diſtance ſubtended an ap- 
parent angle at the Earth of about 232 6 
degrees, and was therefore of 390 parts. 
And to this number of parts about 34 F 
days 0 T's. 1 
the Comet of 1665 entered the ſphere of 
the orbis magnus about March 17, and 


came to its perihelion about April 16. 


30 days intervening. Its perihelion- 


diſtance ſubtended an angle at the Earth 
of about ſeven degrees, and therefore 
was of 122 parts: and correſponding 
to this number of parts, in Tab. 1. we 
find 30 days. Again, the Comet of 
1682 entered the ſphere of the orbis 
maęnus about Aug. 11. and arrived 


1. Further, 


at 


N | 


ee 


{ts perihelion about Sept. 16. being then 
diſtant from the Sun by about 350 


parts, to which, in Tab. 1. belong 333 TT | 
days. Laſtly, that memorable Comet KL: 
of Regibmontanus, which in 1472 wass 
_ carried through the circum- polar parts Ti 
| of our northern hemiſphere with ſuch — 4 
rapidity as to deſcribe 40 degrees in one ” | | 
day, entered the ſphere of the orbis _ oY 1 
magnus Jau. 21. about the time that it — 
was paſſing by the pole, and haſtening + 5l 
from thence towards the Sun, was hid ES 
under the Sun's rays about the end of 0 
February. Whence 'tis probable that 4 
30 days or a few more were ſpent be. 1 
tween its ingreſs into the ſphere of the i 


orbis magnus and its perihelion. Nor 
did this Comet truly move with more 

velocity than other Comets, but owed 
the greatneſs of its apparent velocity to 

its paſſing by the Earth at a near diſ- 


| yy ee Ae ——_— oe Re er een, — b 
_ — ae £a0y s . : 


| 

rance- DET f 

Irx appears then that the velocity of "i 
Comets, ſo far as it can be de- | 


| S ne F The inveſtigation of 
rermined by theſe rude ways of vage OG - 
computing, is that very velo- mets propoſed. 

city with which parabola's, or 


ellipſes near to parabola's, ought to be 


es». 
te of * B 
— > 


. —— . . — * ͤ — — 


deſcribed. And therefore the diſtance = 
between a Comet and the Sun being 4 
2 5 given, | 


—— Toons 
* 1 2 * 1 * 2 l 1 W 
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given, the velocity of the Comet is 
nearly given. And hence ariſes this 


problem. 


The relation betwixt the velocity of a 


Comet, and its diſtance from the Sun's 


center being given, the Comets tra- 


Jedory is required. 


If chis problem was reſolved, we 


ſhould thence have a method of deter- 
mining the trajectories of Comets to the 
grcateſt accuracy. For if that relation 
be twice aſſumed, and from thence the 


trajectory be twice computed, and the 


errour of cach trajectory be found from 
obſervations, the aſſumption may be 


corrected by the Rule of Falſc, and a 
third trajectory may thence be found 


that will exactly agree with the obſer- 
vations. And by determining the tra- 


jectories of Comets after this method, 
we may come at laſt to a more exact 
knowledge of the parts through which 


thole bodics travel, of the velocitics 


with which they are carried, what ſort 
of trajectories they deſcribe, and what 
are the true magnitudes and forms of 


their tails according to the yarious dil- 


tances of their heads from the Sun ; 


whether after certain intervals of time, 


I the 


At oe AN and ind ad: 4 - wes DP 


— 5 5 


2 0 
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the ſame Comets do return again, and - 4 
in what periods they compleat their fe- 4 
veral revolutions. But the problem | 
may be reſolved by determining firſt the 

| hourly motion of a Comet to a given : — 


time from three or more obſervations, 
and then deriving the trajectory from 
this motion. And thus the invention 
of the trajeCtory depending on one ob- 
ſervation and its hourly motion at the 
time of this obſervation will either con- 
firm or diſprove it ſelf, For the con- 
cluſion that is drawn from the motion 

only of an hour or two and a falſe hy- 
potheſis, will never agree with the mo- 

tions of the Comets from beginning to 
end. The method of the Whole compu- 

- zation is his „„ 


Cn : . watts yoed —_—_— = x... x 
. E 5 — _ N 
27 — 5 * 


Lem. 1. To cut two right lines OR, 
TP given in poſition, by athird 


; ; | Lemma's premiſed | [1 
right line RP, ſo as TRP may to the ſolution of tage 1 
be a right angle, and, if another Frl. . * 


right line SP is drawn to any given 
point S, the ſolid contained under this 
line SP, and the ſquare of the right line 
OR terminated at a given point O, may 
be of a given magnitude, _ 
It is done by linear deſcription, thus. 
Let the given magnitude of the ſolid be 
M'x N. From any point r of the ng 
ME eg {AY 


nd te a * 
* - 2 
1 WAS td : / * * — 
LYN * « 4 jp — — 
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line OR erect the perpendicular 25 


meeting TP in p. Then through the 


points Sp draw the line Sq equal to 
5 In like manner draw three ot 


more right lines $2.4, 8 3%, &c. And 


a regular line 3243 drawn through al! | 


the points 3293 9, &c. will cut the 


right line TP in the point P, from 


which the perpendicular PR is to be 
* N 


Buy trigonometry thus. Aſſuming the 
right line TP as found by the preceding 


method, the perpendiculars T R, SB in 
the triangles TPR, TPS will be thence 
given, and the fide SP in the tienes 
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SBP, as well as the crrour Me ” 


. 


Let this errour, ſuppoſe D, be to a new 


errour, ſuppoſe E, as the errour 25 27 
483 3 to the errour 27 3; or as the 


errour 2729 ＋ D to the errour 27 P; 


and this new errour added to or ſubducted 


from the length TP will give the correct 
length TP E. The inſpection of the 


| figure will ſhew whether we are to add 
or to ſubtract. And if at any time there 
ſhould be uſe for a further correction, 
the operation may be repeated. 


By arithmetic thus. 888 88 the 
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thing done, and let T Pe be The ſign + de- 
the correct length of the line notes or — am- 


biguouſly, and + 


| TP found by delineation; and ſtands for the con- 
the correct lengths of the lines trary ſign. 


IT R 


OR, Bp and 8 P wil be ORE . 


EF 


BP + e . v SP beg 


3 MXN 
ORF ORXTR TR 


BR 


Whence by the method 4 e 
ſeries s, we have SP + = pe * 


BY 155 

M*N—_M*N ” Ml PO 

Se „% ˙ LE Tal 
GR GR + OR 25 Sc 


TP e+—== e 


— —— — — 4 = — —„»„ 
— 2 
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ö OR 
11 BP, M. N MN SB. 
| * 6 * 5 STE put- 
SP OR” OR 28P* 


— for the given co- efficients 


We 'GH' and carefully Orv 
the oy we find GH e, or | 
G — 5 = e. Whence, nealetting ho = 


| 

; 

| 
| | 85 very ſmall term =p Comes out equal 
| to G. If the errour — is not deſpica- 
4 [th 
4 5 ble, take e= 6 
= H. 


: And it is to be abſerved, that here a 
general method is hinted at for ſolving 
the more intricate ſort of problems, as 

well by trigonometry as by arithmetic, 
without thoſe perplexed computations 
and reſolutions of affected equations, 
which hitherto have been in uſe. 
Lem. 2. To cut three right lines gi- 


1 1 — LT | a 
r 


— > 22 rr A 9 2 7 
* oe * gy 


# ven: in poſition by a fourth right line 
that ſhall paſs through a point aſſigned 
in any of the three, and ſo as its inter- 
cepred parts ſhall be in a given ratio on 
to the other. 


Let 
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Ler AB, AC,BC be the right lines 


given in poſition, and ſuppoſe D to be 


the given point in the line AC. Parallel 


to AB draw DG — 50 in G. And, 


taking GF to BG in the given ratio, 


E draw FDE; and FD will be to DE as 


| FG roBG. QB. F. 


By trigonometry thus. In the trian- 
ole CGD, all the angles and the fide CD 
are given, and from thence its remain- 


ing ſides are found; and from the given 


ratio's, the lines GF and BE are allo 


given. 


Lem. 3 . To find and repreſent by a 
linear ee the won motion of 


a Comet to any given time. 


From obſervations of the beſt credit, ö 
| let three longitudes of the Comet be 
| given, and ſuppoſing ATR, RTB to be 
| their differences; let the hourly motion 
be required to the time of the middle 


Obler⸗ 
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obſervation TR. By Lem. 2. draw the 
right line ARB, ſo as its intercepted 


parts AR, RB may be as the times be- 


tween the obſervations. And if we 


ſuppoſe a body in the whole time to 


deſcribe the whole line AB with an e- 


T 


qual motion, and to be in the mean 


time viewed from the place I, the appa- 
rent motion of that body about the point 

R, will be nearly the ſame with that of 
the Comet at the time of the obſerva - 
3 8 


The ſame more accurately. 
Let Ta, Tb be two longitudes given 


at a greater diſtance on one ſide and on 
the other; and by Lem. 2. draw the 
right line aR6 ſo as its intercepted parts 
R, R& may be as the times between 


the 
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the obſervations @ T R, R T b. Suppoſe 
this to cut the lines TA, TB in D and 
E. And becauſe the errour of the in- 
clination TR increaſes nearly in the _. 
duplicate ratio of the time between the 


obſervations, draw FRG, ſo as either the 


angle D RF may be to the angle ARF, | 
or the line DF to the line AF, in the 
| duplicate ratio of the whole time be- 


tween the obſervations aTB to the 


whole time between the obſervations 


AT B, and uſe the line thus found F 6 | 


in place of the line AB found above. 


It will be convenient that the angles 
ATR, RTB, aTA, BT be no leſs 
than of ten or fifteen degrees, the times 
correſponding no greater than of eight 
or twelve days, and the longitudes ta- 
ken when the Comet moves with the 
greateſt velocity. For thus the errours 
of the obſervations will bear a leſs pro- 
portion to the differences of the longi- | 


tudes. 


Lem. 4. To find the longitudes of a 
Comet to any given times. 


It is done by raking, in the line FG, 
| the diſtances Rr, Rp proportional to 
[The times, and drawing the lines Tr, 
Tp. The way of working * teigono- 


merry is manifeſt. 


Lem. 


— „ . WED! eb Cane Ip SS rr 7 = 
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ved. 
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How 5. To find the latitudes. | 

On Tk. TR, TG, as radius's, at right 
angles erect F f, RP, Gg tangents of 
the obſerved latitudes ; and parallel to 
fg draw PH. The perpendiculars 2, 
per meeting P H will be the tangents of 

the ſought latitudes to Tr and Tp as 

radius's. 


Prob. 15 From the- aſſumed 
The problem reſol- ratio of the velocity to deter- 
1 mine the trajectory of a Comet. 
Let 8 repreſent the Sun, F, T, x three 
places of the Earth in its orbit at __ | 


diſtances, P, P. as many eee ge 

places of the Comet in its trajectory, ſo 
as the diſtances interpoſed betwixt place 
and place may anſwer to the motion of 
one hour, Pr, PR, we E 
4 


—— — 
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let fall on the plain of the ecliptic, and 


Rp the veſtige of the trajectory in | 


this plain. Join Sp, SP, S, SR, ST, 


B Tp, TP; and let Y rp meet 
in O, TR will nearly converge to che 
ſame point O, or the errour will be in- 

conſiderable. By the premiſed lemma's, 
the angles O R, ROp are given, as 
well as the ratio's pr to tr, PR to TR, 
and Tp to rp. The figure r TITO is 
likewiſe given, both in magnitude and 
poſition, together with the diſtance ST 
and the angles STR, PTR, STP. Let 
us aſſume the velocity of the Comet, in 


the place P, to be to the velocity of a 


Planet, revolved about the Sun in a cir- 


cle, at the ſame diſtance SP, as V to x, 


and we ſhall have a line pP & to be de- 
termined, of this condition, that the 


ſpace p, deſcribed by the Comet in 


two hours, may be to the ſpace Vr? 
(that is, to the ſpace which the Earth 


deſcribes in the ſame time multiplied by 


the number V) in the ſubduplicate ratio 
of ST, the diſtance of the Earth from 
the Sun, to SP the diſtance of the Co- 


met from the Sun; and that the ſpace 
5 P, deſcribed by the Comet in the firſt 


hour, may be to the ſpace Pæ deſcribed 


by the Comet in the ſecond hour, as 


che velocity in 2, to the velocity in P, 


: that 


i5s 


- @oq> — — — ——— 
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that is, in the ſubduplicate ratio of the 


diſtance SP to the diſtance Sp, or in 


the ratio of 2SP, to SPS. For in 

this whole work I neglect ſmall frac- 
tions that can produce no ſenſible er- 

rour. 


In the firſt place then, as mathema- 
ticians in the reſolution of affected e- 
quations, are wont, for the firſt eſſay, 


do aſſume the root by conjecture, = 
this analytical operation, I judge of the | 
| ſought diſtance TR, as I beſt can by 


conjecture. Then by Lem. 2. 1 draw 
7p, firſt ſuppoſing v R equal to Rp, and 


again (after the ratio of SF to S P is 
diſcovered) ſo as 7R may be to Rp, as 
2SPto SP+Sp, and I find the ratio's 
of the lines p, 7p and OR one to the 
other. Let M be to Vr as OR to 
p; and becauſe the ſquare of pw is 


to the ſquare of Vxtr, as S T to SP, 


we ſhall have ex £2quo OR* to M' as 


ST to SP, and therefore the ſolid OR? 
XxSP equal to the given ſolid MX ST. 


Whence (ſuppoſing the triangles 81, 
PTR to be now placed in the ſame 


plain) TR, TP, SP, PR will be given 


by Lem. 1. All this I do, firſt by de- 
lineation in a rude and haſty way, then 
by a new delineation with greater care, 
and laſtly, by an arithmetical computa-. 


tion. 
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tion. Then I proceed to determine 
the poſition of the lines 7p, P@ with 


the greateſt accuracy, rogerher with the 
nodes and inclination of the plain Sp & 


to the aig of the ecliptic ; e in-that-:-- 
plain SP; I deſcribe the trajectory in 
which a body let go from the place 
P in the direction of the right line , 


would be carried with a velocity that is 


to the velocity of the Earth, as 5 to g 


Vx Er. Q. E. Fc 
Prob. 2. To correct the aſfümed ra- 


tio of the velocity and the trajectory 
thence found. 


Take an obſervation of the Comer 8 
about the end of its appearance, or any 


other obſervation at a very great gil: 


race from the obſervations uſed before, 
and find the interſection of a right line 
drawn to the Comet, in that obſerva- 


tion, with the plain Sp , as well as 
the Comet's place in its trajectory to 


the time of the obſervation. If that in- 
terſection happens in this place, it is a 
proof that the trajectory was right de- 


rermined. If otherwiſe, a new number 
Vis to be aſſumed, and a new trajec- 


tory to be found, and then the place of 


the Comet in this trajectory to the 
time of that probatory obſervation, and 
the interlection of a right line drawn 

M to 
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to the Comet, with the plain of the 
tra jectory are to be determined as 


efore. And by comparing the va- 


riation of the errour with the variation 


of the other quantities, we may con- 


clude, by the Rule of Three, how far 
thoſe other quantities ought to be vari- 
ed or corrected, ſo as the errour may 
become as ſmall as poſſible. And by 
means of theſe corrections we may have 
the trajectory exactly, providing the 
obſervations, upon which the compu- 


tion was founded, were exact, and that 
we did not err much in the aſſumption 


of the quantity V; for if we did, the 
operation is to be repeated till the tra- 
3 is — —_— determined. 


i 


i MURAT A. 


=: P* EFACE, page IF. line 4. from the bottom, 
L dele 7wo. Pag. 23. line 19. read as the ſum &c. 
Pag. 43. lin. 6. for and read then. Pag. 3. lin. 17. 
between 520116 and 72333 inſert 152399. In the 
Scheme pag. 84. draw a line from & through C to 

A. Pag. 119. lin. 7. read about ys 189. 26'. Pag. 
134. the firſt number in col. 5. ſhould have ſtood 


even with thoſe in the other four. 
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